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SYMPOSIUM ON PEDIATRIC CARDIOLOGY 


PREFACE 


HELEN B. TAUSSIG, M.D. 


About 20 years ago my friends asked me, “Why waste your time in writing 
a book on such a trivial subject as ‘Congenital Malformations of the 
Heart’?” About the same time one of today’s leading cardiologists told 
a young surgeon in Nashville that he was wasting his time on vascular 
anastomosis. Since that time the diagnosis and treatment of cardio- 
vascular disease in infants and children have become of vital importance. 

Dr. Gross and Dr. Bullock in 1939 independently opened up the field 
of cardiovascular surgery. It was, however, not until Dr. Blalock and I 
showed that a patient with a tetralogy of Fallot could be changed from 
blue to pink that the doors were thrown wide open. To many people 
that operation indicated that nothing was impossible. The many articles, 
atlases and books which have been written since 1944 indicate the tre- 
mendous interest in the subject and show the great advances which 
have been made. As soon as it was known to be possible to help a patient 
with a malformation of the heart, the accurate diagnosis became im- 
portant. Furthermore, parents immediately swarmed to doctors to find 
out whether their child could be helped. 

The problems presented by the analysis of congenital malformations 
of the heart have the fascination of almost endless variety, and yet it is 
possible to make a remarkably accurate analysis, provided all factors are 
given due consideration! Nothing is more logical than the changes 
caused by a malformation of the heart. 

Robb and Steinberg in 1939 introduced angiocardiography into this 
country. In 1943 Castellanos in Cuba demonstrated its use in the diag- 
nosis of congenital malformations of the heart. It was not until the 
accurate diagnosis of cardiac abnormalities became of paramount im- 
portance that this technique was further perfected and widely used. 

The same is true of cardiac catheterization. André Cournand saw its 
possibilities and, together with Dickerson Richards, developed the tech- 


835 











836 PREFACE 


nique which has proved tremendously useful. With this basic technique 
a number of other methods for a more detailed analysis of malforma- 
tions have been developed. Indeed, the information gained from cardiac 
catheterization and angiocardiography is so valuable that some people 
think that both tests are essential prior to surgery. The fact that the first 
150 operations on cyanotic children were performed at the Johns Hop- 
kins Hospital before we had either cardiac catheterization or angio- 
cardiography proves that special tests are not always an essential pre- 
requisite to surgery. 

The tools given in this volume indicate the various methods of 
approach and how much can be gained by their wise use. The constant 
aim of medicine should be the simplest methods which will give a high 
degree of accuracy and, similarly, the constant aim of surgery should 
be the simplest of the surgical techniques which will give excellent 
results. 

This volume quite rightly does not stop with congenital defects, but 
emphasizes the unsolved problems in cardiovascular disease in infancy 
and childhood and stresses the new methods of approach. The book 
should be useful to the many workers in a field which has the fascination 
and challenge of the exploration of a land where new discoveries are still 
constantly being made. 


Johns Hopkins Hospital 
Baltimore, Maryland 

















FOREWORD 
ALEXANDER S. NADAS, M.D. 


Consulting lditor 


The first issue of the Pediatric Clinics of North America appeared 
in February, 1954, and was devoted to a symposium on cardiovascular 
diseases under the editorship of Drs. Stanley Gibson and Willis J. Potts. 
Less than five years later the publishers were called upon to bring out 
another volume devoted to heart disease in children. This fact, plus the 
two textbooks devoted entirely to the circulation in children appearing 
within the past two years, attests to the great interest in this field. 

Pediatric cardiology has come of age; it is not a discipline of the labora- 
tory any more, but is of vital interest to the clinician as well. Cardiac 
catheterization has become a less mysterious procedure, and its results 
are presented in most institutions in standard forms understandable 
to clinicians, not only to the high priests of hemodynamics. Cardiac 
surgery, although still full of drama, has become in many institutions a 
rather routine procedure, performed in the quietness of the operating 
room by devoted surgeons and nurses, away from the popular magazines 
and the cameras. The galleries have thinned out and people have set- 
tled down to work. Even the stethoscope—that homey symbol of bed- 
side medicine—has regained its stature. Doctors are not ashamed any 
more to carry this age-old instrument in their white coat pocket next to, 
or even instead of, a slide rule. 

The present volume intends to bring the reader of the Pediatric 
Clinics up to date in the field of pediatric cardiology, emphasizing the 
principal advances since 1954. The symposium is clinically slanted. Al- 
though some of the most important papers describe laboratory pro- 
cedures, they should be clearly understandable and, hopefully, even 
useful to the pediatrician. 

One obvious gap in this volume is the absence of an account of surgical 
advances, particularly an evaluation of the various types of pump oxy- 
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genators. Such an article was originally planned, but for technical reasons 
and particularly because of the fluidity of the entire field, it could not be 
completed in time. 

Many of the contributing authors are present or past associates of the 
Editor. The work of the others has been admired by him at a distance 
for some time. I would like to express my deep appreciation for their 
contributions. 





TOOLS OF DIAGNOSIS 


AUSCULTATION OF THE HEART 


AUBREY LEATHAM, M.B. 


The measurement of pressures, flows and resistances in the heart and 
pulmonary circulation has revolutionised our knowledge of cardiac 
hemodynamics, and the development of phonocardiography has en- 
abled graphic recordings of heart sounds and murmurs to be accurately 
related to these events. This has led to a much better understanding 
of clinical auscultation. Advances have come mainly from appreciating 


the timing of sounds and the components of sounds, and the relation 
of murmurs to sounds, but not to the graphic registration of faint or 
inaudible sounds and murmuts. 


FIRST AND SECOND HEART SOUNDS 


Closure of the mitral and tricuspid valves is responsible for the first 
sound, and closure of the aortic and pulmonary valves for the second 
sound. There is normally a slight asynchrony between the left and 
right sides of the heart causing splitting of the first and second sounds 
which can be detected in most normal subjects. Splitting of sounds 
is heard best with the diaphragm type of stethoscope (cutting out the 
lower frequencies) at the lower end of the sternum for the first sound, 
and in the pulmonary area for the second, while the subject is reclin- 
ing in a relaxed position and continues to breathe naturally. Normally 
there is a slight precedence of left-sided events, the mitral and aortic 
valves closing before the tricuspid and pulmonary. 

Splitting of the first sound due to separation of mitral and tricuspid 
components is normally very close (Fig. 1), and wide separation indi- 
cates complete right bundle branch block causing delay in tricuspid 
closure (Fig. 2). There is no abnormal splitting, and no delay in right 
ventricular contraction, when the electrocardiogram shows the pattern 
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of incomplete right bundle branch block (rSR’ complex) which, 
it is now appreciated, indicates hypertrophy rather than block. 
Splitting of the second sound in normal subjects is due to an in- 
spiratory delay in pulmonary closure (Figs. 3, 4) caused by increased 
filling of the right ventricle and is absent or slight in the expiratory 
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Fig. 1. Normal subject. Close splitting of first heart sound (11) recorded during 
held expiration. Simultaneous high frequency phonocardiograms (HF, resembling 
auscultation with the diaphragm type of stethoscope) from the mitral area (MA) and 
lower left sternal edge (LSE, tricuspid area) show that the first component is the 
greater at the mitral area, the second at the tricuspid area. This suggests that the mitral 
valve closes before the tricuspid and is supported by the timing of the upstroke of the 
indirect carotid tracing (CAR.), which, allowing for delay in pulse wave transmission 
from the aorta, shows that only the first component precedes the upstroke. Thus, of 
the 2 components of the first sound, only the first could be due to mitral closure. Time 
intervals in this and subsequent records are 0.20 and 0.04 second. 


phase of continued respiration because aortic and pulmonary closures 
are then fused or closely split. 

Splitting of the second sound which is obvious in the expiratory 
phase of continued respiration is abnormal (Fig. 5). It may be due 
to premature closure of the aortic valve from shortening of left ven- 
tricular systole due to diminished resistance to left ventricular outflow, 
as in mitral regurgitation or ventricular septal defect, but is much 
more commonly due to delay in pulmonary closure. The causes of 
delayed pulmonary closure are, firstly, delayed activation of the right 
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Fig. 2. Wide splitting of first (11) and second (22) heart sounds from complete 
right bundle branch block which delays activation of the right ventricle. Tricuspid 
closure (T) and pulmonary closure (P) are about equally delayed in relation to mitral 
(M) and aortic closure (A). Delayed tricuspid component of first sound (0.06 second 
after mitral component) is loudest at lower left sternal edge and not much altered 
by respiration, unlike pulmonary ejection sound. Second sound is split by 0.06 second 
in expiratory phase of respiration (EXP.), owing to delay in closure of pulmonary 
valve, increasing to 0.08 second during inspiration (INSP.). Identity of first com- 
ponent of split second sound as aortic is confirmed by its synchrony (with carotid 
delay about 0.03 second) with dicrotic notch of carotid tracing, and identity of second 
component as pulmonary by its greatest intensity at pulmonary area. 
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Fig. 3. Splitting of second heart sound in the pulmonary area during inspiration in a 
normal subject into an earlier aortic and a later pulmonary component. Aortic closure 
is transmitted to all areas and is alone responsible for the second sound at the mitral 
area’and frequently aortic area. Pulmonary closure is normally confined to the pul- 
monary area and-nearby. In the expiratory phase of continued respiration aortic and 
pulmonary closures are fused or closely split. 
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ventricle from complete right bundle branch block (accompanied by 
wide splitting of the first sound [Fig. 2]), and, secondly, prolongation 
of right ventricular systole from increased right-sided flow (atrial septal 
defect or anomalous pulmonary venous return with left-to-right shunt) 
or from pulmonary stenosis. In atrial septal defect with left-to-right 
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Fig. 4. Normal subject. Splitting of the second heart sound may be very wide (0.08 
second here), but only in the inspiratory phase of respiration. 
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Fig. 5. Wide splitting of aortic second sound in expiration (Ag before Pz). Early 
Ae from mitral regurgitation or late P2 from complete right bundle branch block, atrial 
septal defect or pulmonary stenosis. 
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shunt abnormally wide splitting of the second sound is an obvious and 
valuable physical sign (Fig. 6). The splitting tends to be fixed, scarcely 
increasing on inspiration, probably because little further increase in 
filling of the right ventricle is possible. With high pulmonary vascular 
resistance and pressure, and reversal of the shunt, the abnormal splitting 
disappears, and this is a useful sign that the case is inoperable (Fig. 7). 
In ventricular septal defect with left-to-right shunt the stroke volumes 
of both ventricles are equally increased; the splitting may be wider than 
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Fig. 6. Atrial septal defect with left-to-right shunt (2:1 pulmonary to systemic 
flow). Splitting of the second sound is abnormally wide in the expiratory phase of 
respiration and is almost fixed, scarcely increasing on inspiration. It is an obvious 
physical sign because the pulmonary ejection murmur (SM) is short. The pulmonary 
component is not accentuated (PA pressure 22/6 mm. Hg), but is transmitted to the 
apex (MA), because this is formed by the right ventricle. There is no delay in onset of 
right ventricular systole, and the first sound is not abnormally split, though the tricus- 
pid component may be accentuated. Increased right-sided flow is thought to be re- 
sponsible for the accentuated first sound, wide splitting of the second, ejection systolic 
murmur (SM) and the short tricuspid ventricular filling murmur (DM), shown in 
the medium frequency recording (MF) from the fourth left space (4LS). 
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Fig. 7. Atrial septal defect with pulmonary hypertension from high pulmonary vascu- 
lar resistance, and bidirectional shunt. There is little discrepancy between the stroke 
volumes of the 2 ventricles, and there is no wide splitting of the second sound (unless 
there is complete right bundle branch block), and no obvious pulmonary ejection 
murmur or tricuspid diastolic murmur. There is a pansystolic murmur at the tricuspid 
and mitral areas attributed to tricuspid regurgitation. The ejection sound (X) and 
pulmonary diastolic murmur are due to the greatly dilated pulmonary artery. 
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Fig. 8. Ventricular septal defect with left-to-right shunt. The 2 ventricles are equally 
overloaded, but the splitting of the second sound is often abnormally wide, owing to 
shortening of left ventricular systole from diminished resistance to left ventricular 
outflow. It is a difficult sign to detect, because the loud pansystolic murmur tends to 
drown aortic closure. 





Fig. 9. Pulmonary stenosis. Delayed pulmonary closure due to prolongation of right 
ventricular systole. The wide splitting is difficult to detect if the pulmonary systolic 
murmur is loud, because it tends to pass and drown aortic closure, and pulmonary 
closure is usually soft. At the mitral area aortic closure is obvious, and both components 
of the second sound can frequently be detected in an intermediate area, but simul- 
taneous phonocardiograms from the pulmonary and mitral areas are necessary to 
measure the width of the splitting and assess the severity of the stenosis. 
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normal because of shortening of left ventricular systole from diminished 
resistance to left ventricular outflow, but is difficult to detect clinically 
because the loud pansystolic murmur drowns aortic closure (Fig. 8). 

With pulmonary stenosis, valvular or infundibular, the delay in 
pulmonary closure as gauged by the width of splitting of the second 
sound (Fig. 9) is a useful indication of the severity of the stenosis, 
and it is often possible to predict the right ventricular systolic pres- 
sure within 10 or 15 mm. of mercury (Fig. 10). This is of great prac- 
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RIGHT VENTRICULAR SYSTOLIC PRESSURE 


Fig. 10. Pulmonary stenosis. Relation of prolongation of right ventricular systole, 
compared with left and as shown by the width of splitting of the second sound, plotted 
against the right ventricular systolic pressure. The width of the splitting is shown to 
be a measure of the severity of the stenosis. 


tical value in assessing the progress of the disease, and there is a strik- 
ing return to almost normal figures following a successful operation, 
particularly when this is performed under direct vision. It is only 
when the pulmonary stenosis is very severe or is associated with a 
ventricular septal defect with right-to-left shunt (Fallot’s tetralogy) 
that the pulmonary flow is so reduced that no pulmonary closure sound 
can be heard (Fig. 11); a late sound may appear after operation when 
the flow is increased. In most patients with pulmonary stenosis, 
intact ventricular septum, and cyanosis from a reversed interatrial 
shunt, late pulmonary closure can be heard and recorded. Either the 
pulmonary flow is less reduced than in Fallot’s tetralogy, or anatomical 
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factors such as a bigger pulmonary artery bring the sound nearer to 


the chest wall. 

An appreciation of the behaviour of the two components of the 
second sound is invaluable when trying to assess the significance of 
a pulmonary systolic murmur, for if the second sound is normal, atrial 


septal defect and pulmonary stenosis can be excluded. 
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Fig. 11. Severe pulmonary stenosis with reversed interventricular shunt (cyanotic 
Fallot’s tetralogy ). Pulmonary flow is so greatly reduced by the right-to-left shunt that 
the delayed pulmonary closure sound cannot be heard or recorded. The single second 


sound is due to aortic closure, which may be accentuated and is obvious on auscultation i 
because the pulmonary systolic murmur is less loud, and frequently, but not invariably, 3 





shorter. 
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Fig. 12. Reversed splitting of second sound (P2 before Ag). Delayed activation of 
left ventricle from left bundle branch block. Increased stroke volume of left ventricle 
(patent ductus). Aortic stenosis. 
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Prolongation of left ventricular systole from complete left bundle 
branch block, increased left ventricular flow (patent ductus arteriosus 
with left-to-right shunt) or aortic stenosis delays aortic closure until 
after pulmonary closure, thus causing reversed splitting of the second 
sound (Fig. 12). Pulmonary closure is delayed as usual during inspira- 
tion, becoming fused with the later aortic closure sound. Thus the 
splitting is paradoxical in that it is maximal in the expiratory phase 
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Fig. 13. Left bundle branch block prolongs left ventricular systole, delaying aortic 
closure until after pulmonary. Thus the splitting of the second sound in the pulmonary 
area is maximal in expiration and disappears on inspiration when pulmonary closure 
delays. 


of continued respiration, disappearing on inspiration, and is most 
evident when the cause is left bundle branch block without murmurs 
to interfere with detection of the splitting (Fig. 13); it is more difficult 
to detect in aortic stenosis (Fig. 14). 

The significance of changes in intensity of the first and second 
sounds can be assessed accurately only when they are separated into 
their left- and right-sided components. In general the first sound is 
loud when the atrioventricular valves are wide open at the end of 
diastole, owing to continuation of ventricular filling, and have a long 
way to close. Ventricular filling continues into late diastole, right up 
to ventricular contraction, when there is stenosis of the atrioventricular 
valve, increased flow through the valve, or close precedence of atrial 
contraction (short P-R interval), and under these conditions the first 
sound is loud. More important, however, than actual change in in- 
tensity of the first sound are the anatomical factors governing trans- 
mission of the sound to the chest wall. 
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Fig. 14. Severe aortic stenosis. Prolongation of left ventricular systole delays aortic 
closure until after pulmonary. The earlier pulmonary closure may be drowned in the 
aortic systolic murmur. 
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Fig. 15. Pulmonary hypertension. The accentuated pulmonary component of the 
second sound drowns the aortic component at the pulmonary area and is well transmit- 
ted to the mitral area, where the splitting can be detected more easily. 
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The intensity of the second heart sound depends mainly on its 
aortic component, which is transmitted to all areas and is solely re- 3 
sponsible for the second sound at the mitral area. The pulmonary 3 
component is much softer, the valve being closed at a much lower 
pressure, and is normally localised to the pulmonary area, though often 
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well transmitted down the left sternal edge and sometimes to the 
aortic area. Transmission of the pulmonary component to the apex 
(unless this is formed by a dilated right ventricle as in atrial septal 
defect) can be detected by hearing splitting of the second sound 
there, and is a valuable sign of pulmonary hypertension (Fig. 15). 
When one component of the second sound is very loud, the other 
tends to be masked, and in pulmonary hypertension it is also easier 
to hear the splitting at the apex, where pulmonary closure is less loud, 
than at the pulmonary area (Fig. 15). When the two ventricles are 
beating against identical resistances and are linked by a large ventricu- 
lar septal defect or patent ductus arteriosus as in Eisenmenger’s syn- 
drome, or with a persistent truncus, single ventricle, or transposition, 
splitting of the second sound may be difficult or impossible to detect. 
The aortic component is absent only with severe aortic stenosis, the 
pulmonary component with pulmonary stenosis only when it is very 
severe or associated with a ventricular septal defect (cyanotic Fallot 
as discussed earlier) or with pulmonary atresia 


EJECTION SOUNDS 


Ejection of blood into a dilated pulmonary artery or aorta frequently 
causes a sharp clicking sound in early systole (Fig. 16). The pulmonary 
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Fig. 16. Early systolic ejection sounds associated with dilatation of the pulmonary 
artery or aorta. Pulmonary: hypertension from any cause; valve stenosis. Aortic: coarcta- 
tion; aneurysm or dilatation; hypertension; stenosis or regurgit?*ion. 





variety is easily recognised despite its resemblance to wide splitting of 
the first sound, for it is maximal at the pulmonary area rather than 
the left sternal edge or mitral area, and is greatly diminished in in- 
tensity during the inspiratory phase of respiration; it may be associated 
with dilatation of the pulmonary artery secondary to mild pulmonary 
valve stenosis (Fig. 17) and is almost invariably present in severe 
pulmonary hypertension when this is associated with a congenital 
shunt (Eisenmenger’s syndrome [Fig. 18]). Aortic ejection sounds are 
found with aortic stenosis, aortic regurgitation (Fig. 43), coarctation 
of the aorta (Fig. 19), luetic aneurysm, hypertensive or arteriosclerotic 
dilatation, and the large aorta of Fallot’s tetralogy or pulmonary 
atresia. Aortic sounds are less common, do not vary much with res- 
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Fig. 17. Pulmonary valve stenosis. The ejection sound (X) occurs early in systole FS 
because the isometric time of the right ventricle is short. It is differentiated clinically ‘ 
from the first sound, or the second component of a split first sound, by its snap- Hs 
ping quality and maximal intensity in the pulmonary area, almost disappearing ky 


on inspiration. Simultaneous phonocardiograms from the mitral and pulmonary areas a 
show that both mitral and tricuspid components of the first sound (11) precede the ie 
ejection sound. Pulmonary closure is delayed and reduced in intensity compared with | 


aortic. 











Fig. 18. Pulmonary hypertension. (Ventricular septal defect with Eisenmenger re- 
action.) The ejection sound is late, owing to the prolonged isometric time of the right 
ventricle, and initiates an ejection murmur. Both sound and murmur are related to the 


grossly dilated pulmonary artery. 
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Fig. 19. Coarctation of the aorta. The ejection sound occurs soon after the rise of 
pressure in the aorta as shown by the indirect carotid tracing. 


piration, and are well transmitted to the apex, making differentiation 
from splitting difficult. 


VENTRICULAR FILLING SOUNDS (TRIPLE OR GALLOP RHYTHM) 


These low-pitched sounds may be right- or left-sided and are re- 
lated to filling of the ventricles during the rapid filling phase (third 
sound) or following atrial contraction (atrial sound) (Fig. 20). Since 
most of ventricular filling takes place in the rapid filling phase, it is 
not surprising that the third sound is audible in most children and 
young adults, but is. never heard after the age of 40 years; it is increased 
in intensity when ventricular filling is especially rapid as in left ven- 
tricular failure, mitral regurgitation (Fig. 40) and constrictive peri- 


carditis. 
' | | j 
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Fig. 20. Ventricular filling sounds (triple or gallop rhythm). Atrial sound: hyper- 
tension with left ventricular hypertrophy; cardiac infarction; aortic or pulmonary valve 
disease. Third sound: normal (under 40 years); ventricular failure; atrioventricular 
valve regurgitation; constrictive pericarditis. 








852 AUSCULTATION OF THE HEART 


The atrial sound is normally inaudible, but is greater in intensity, 
reaching audible levels, when the resistance to ventricular filling is 
increased. Right-sided atrial sounds are heard in severe pulmonary 
stenosis and pulmonary hypertension, and left-sided sounds in aortic 
stenosis (rare) and systemic hypertension. Summation of atrial and 
third sounds from tachycardia or atrioventricular block (Fig. 21) 
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Fig. 21. Summation of atrial and third sounds from tachycardia or atrioventricular 
conduction delay or dissociation. The components of the summation triple rhythm 
may be normal or may be abnormally intense, producing a very loud sound. 





makes their interpretation difficult, and a loud but innocent gallop 
rhythm due to the summation of normal atrial vibrations on a physio- 
logical third sound is not infrequent in healthy children. 


ATRIOVENTRICULAR VALVE OPENING SOUNDS 


A mitral opening snap is heard and recorded best at the lower end 


of the sternum or internal to the apex, 0.03 to 0.12 second (mean 
0.07 second) after aortic closure in almost all patients with dominant 
mitral stenosis (Fig. 22), but this is of course rare in paediatric practice. 
Although the mitral snap precedes the third sound (if present) by 
only a short interval, there should be no difficulty in differentiating 
them, since the snap is high pitched and best heard with the diaphragm 
chest piece, and the third sound is low pitched and best heard with 
the bell. In any case a rapid filling (third) sound is impossible with 
appreciable mitral stenosis. It may be difficult to differentiate a snap 
from the second component of a split second sound, especially when 
pulmonary closure is delayed from complete right bundle branch 
block, and in fact the snap used to be mistakenly described as “redu- 
plication of the second sound.” The presence of the snap can be es- 
tablished by listening in the pulmonary area during continued respira- 
tion and hearing two sounds during expiration (aortic closure fused 
with pulmonary closure, and the snap) and three sounds during in- 
spiration (aortic closure, pulmonary closure and the snap [Fig. 22]). 
This can be proved easily with phonocardiograms taken simultaneously 
from the pulmonary area and lower left sternal edge, pulmonary 
closure being most prominent in the former position and the snap 
in the latter. 
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Fig. 22. Mitral stenosis. The mitral snap (S) occurs about the time of opening of 
the mitral valve and is of high frequency. It is usually maximal at the lower left sternal 
edge (LSE) in the expiratory phase of respiration and is widely transmitted in most 
patients. The snap is of similar quality to the second heart sound and may easily be 
confused with the later pulmonary component. The interval between aortic closure 
and the snap is commonly greater than between the 2 components of the second sound 
unless there is complete right bundle branch block. During inspiration it is usually 
possible to detect all 3 sounds, aortic closure, pulmonary closure, and the snap. A is an 
artifact. 


A stenotic tricuspid valve can also produce a snap, but is of little 
practical importance. Increased rates of flow from left-to-right shunts 
through the mitral valve from patent ductus arteriosus, or through the 
tricuspid valve from atrial septal defect, may produce opening snaps, 
but they are seldom obvious on auscultation. 


SYSTOLIC SOUNDS 


While diastolic sounds are always related to intracardiac events, 
systolic sounds which occur after ejection are almost invariably extra- 
cardiac in origin. They occur in mid or late systole and vary with 
posture and respiration (Fig. 23). 


Systolic Mormurs 


Systolic murmurs fall into two main groups: (a) midsystolic ejec- 
tion murmurs caused by the forward flow of blood through the aortic 
or pulmonary valves; (b) pansystolic regurgitant murmurs due to 
backflow of blood from ventricles to atria through incompetent valves, 
or to left-to-right shunts through a ventricular septal defect or patent 
ductus arteriosus. 

Monsysrotic Eyection Murmurs. The onset of the murmur varies 
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Fig. 23. Systolic sounds (Y) accompanied by a late systolic murmur in a healthy 
subject and occurring around mid or late systole and well after ejection as shown by the 
carotid tracing. Early systole is clear, so that the late systolic murmur cannot be at 
tributed to mitral regurgitation. 


with the isometric time of the ventricle and rises to a crescendo with 
maximal flow around midsystole or before. As the ventricle relaxes, 
the flow and the murmur diminish, and there is always a clear interval 
between the end of the murmur and the appropriate valve closure 
sound (Figs. 24, 25). Ejection murmurs are caused by stenosis of the 











Fig. 24) Midsystolic ejection murmur. Diagram showing the relation between an 
aortic ejection murmur, the first and second heart sounds, and left ventricular (LV ) 
and aortic pressure pulses. There is a silent interval corresponding to the isometric time 
of the left ventricle, and the murmur begins when the pressure in the left ventricle 
rises above that in the aorta. It rises to a crescendo with maximum flow around mid- 


systole or before, and then diminishes as the ventricle relaxes, ceasing just before aortic 
closure. 
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valve or infundibulum, increased rate of ejection through the valve, 
valvular damage without stenosis, dilatation of the vessel beyond the 
valve, or a combination of these factors. 

In general the loudest ejection murmurs are produced by aortic 
(Fig. 25) or pulmonary stenosis (Fig. 27), and the softest ones by 
minimal valve damage without stenosis or regurgitation; soft or moder- 
ately loud murmurs may be produced by increased rates of flow across 
normal valves. Flow, however, is an important and variable factor 
which upsets judgement of the significance of an ejection murmur 
based on its intensity. For example, the murmur in severe aortic steno- 
sis may be quite soft if the flow is reduced from cardiac failure or 





Fig. 25. Aortic stenosis. Midsystolic ejection murmur finishing before aortic closure 
and of similar shape in the aortic and mitral areas. There is a soft early diastolic mur- 
mur (EDM) from minimal aortic regurgitation. 


mitral regurgitation, while with pure aortic regurgitation the systolic 
murmur may be sufficiently intense to be palpable (thrill), owing to 
the greatly increased stroke flow (Fig. 26). The site of maximal in- 
tensity of an ejection murmur may be difficult to define, especially 
in paediatric practice, but is usually maximal at the base. An aortic 
systolic murmur, however, is well transmitted to the apex, and the 
termination of the murmur before aortic closure is useful in distin- 
guishing it from a mitral regurgitant murmur, which is always pan- 
systolic. There is prolongation of left ventricular systole in aortic 
stenosis, and with reversal of the order of valve closure the murmur 
may reach and even drown pulmonary closure, but ceases before the 
later aortic closure (Fig. 14). 

In severe pulmonary stenosis the prolongation of right ventricular 
systole is great, and the loud pulmonary ejection murmur usually 
drowns aortic closure at the base, but always ceases before the delayed 
and soft pulmonary closure sound, which can be heard and recorded 
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in all but the most severe cases (Fig. 27). When the pulmonary 
stenosis is sufficiently severe to raise right ventricular pressure above 
left, the presence of a ventricular septal defect will permit a right-to- 
left shunt (cyanotic Fallot’s tetralogy), so that pulmonary flow is 
more greatly reduced; thus the pulmonary murmur is softer and aortic 
closure, which is usually accentuated in these patients, is clearly heard 
through the relatively soft systolic murmur (Fig. 11). Pulmonary 


Fig. 26. Aortic regurgitation. Loud aortic systolic murmur, similar in pattern to that 
of aortic stenosis, caused by the greatly increased stroke flow across a deformed valve 
into a dilated vessel. The early diastolic murmur has its crescendo appreciably after 
aortic closure when the pressure gradient between aorta and ventricle is greatest. 


closure is late as in pure stenosis, but cannot be heard or recorded, 
owing to the great reduction in pulmonary flow. Thus, as described 
earlier, in a cyanotic patient with pulmonary stenosis the presence of 
a pulmonary closure sound strongly suggests that the pulmonary steno- 
sis is associated with an intact ventricular septum, and the cyanosis 
must be due to a reversed interatrial shunt. 

Basal ejection murmurs due to increased stroke output are caused 
by high flows as in anaemia, thyrotoxicosis and pregnancy, or by slow 
rates as in heart block (Figs. 28, 29). Selective increase in pulmonary 
flow from left-to-right shunts as in atrial septal defect causes moder- 
ately loud pulmonary ejection murmurs (Fig. 6) which can be differ- 
entiated from high output states by studying the second sound as 
described earlier. 

Soft aortic ejection murmurs are caused by minimal damage to the 
aortic valve as in healed rheumatic aortic valvulitis or with acute rheu- 
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Fig. 27. Pulmonary valve stenosis. Right ventricular systole is prolonged, as shown 
by the delay in the pulmonary closure sound identified by its relation to the dicrotic 
notch of the pressure pulse from the pulmonary artery (PA). The systolic murmur due 
to ejection of blood across the stenosed valve is therefore lengthened and frequently 
drowns the sound of aortic closure at the base, but not at the mitral area. 
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Fig. 28. Anaemia. Ejection systolic murmur due to increased stroke volume. In- 
creased venous return may have been responsible for the venous hum in the neck, and 
. increased rate of filling of the ventricles for the third sound. 


is matic valvulitis, and are difficult to distinguish from innocent mur- 
murs, which will be discussed later. 

There is no pulmonary counterpart to the soft aortic systolic mur- 
murs produced by minimal aortic valve disease, for rheumatism rarely 
affects the pulmonary valve. 

PansysToLic RecurciraNnt Murmurs. Both backward flow and sys- 
tolic murmur are pansystolic in mitral and tricuspid regurgitation, 
owing to the presence of a large difference in pressure throughout 
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Fig. 29. Complete heart block. Increased stroke volume from the slow rate was probably 
solely responsible for the ejection murmur. 
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Fig. 30/ Pansystolic regurgitant murmur. Diagram showing the relation between a 
mitral regurgitant murmur, the first and séCond heart sounds, and the pressure pulses 
in the left ventricle, left atrium, and aorta. The pressure in the left ventricle rapidly 
exceeds that in the left atrium at the beginning of systole, and the backward flow and 
murmur start at once. At the time of aortic closure the difference in pressure between 
left ventricle and left atrium is still great, and regurgitation and murmur are con- 
tinuing. 


systole between ventricle and atrium (Figs. 30, 31). Clinical differ- 
entiation from ejection murmurs is made by focussing attention on 
the end of systole when an ejection murmur would have finished. 
Loud pansystolic murmurs drown aortic closure at their site of maximal 
intensity, but not at the base. In mitral regurgitation the accentuated 
third sound may then be mistaken for the second sound, but should 
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Fig. 31. Mitral regurgitation. The second sound at the mitral area is drowned in the 
pansystolic murmur, but is clear at the base. The third sound is accentuated and is 
best seen in the low frequency (LF) recording from the mitral area. 
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Fig. 32. Mitral regurgitation (slight). The pansystolic murmur rises to a crescendo in 
late systole. 
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be differentiated by its lower pitch. In mitral stenosis with high pulmo- 
nary resistance a pansystolic murmur from functional tricuspid regurgi- 
tation may simulate the murmur of mitral regurgitation, especially 
when the dilated right ventricle reaches the apex. The inspiratory in- 
crease of tricuspid murmurs is useful in these circumstances. A late 
systolic crescendo to the pansystolic murmur is not infrequent in 
slight or moderately severe mitral regurgitation (Fig. 32) and must 
be differentiated from an innocent late systolic murmur, to be dis- 
cussed later. 
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Fig. 33. Patent ductus arteriosus with left-to-right shunt in a child aged 4 years. The 
murmur is pansystolic rather than continuous, and this is attributed to a relatively high 
pulmonary vascular resistance limiting the left-to-right shunt to systole, as suggested 
by the pressure pulses shown in Figure 34. The mitral diastolic murmur is caused by 
rapid left ventricular filling. 


Pansystolic murmurs are also caused by backward, or left-to-right, 
flow through a ventricular septal defect. While the murmur is usually 
maximal at the lower left sternal edge, in children it is also loud at 
the base, and may drown aortic closure, making the splitting of the 
second sound difficult to discern (Fig. 8). With high pulmonary 
vascular resistance the left-to-right shunt and murmur are minimal 
or absent, and a pulmonary ejection murmur from the dilated pulmo- 
nary artery is left (Fig. 18). The murmur in patent ductus arteriosus 
also depends on the pulmonary vascular resistance. In infants the 
pulmonary vascular resistance is relatively high, and the duct murmur, 
and presumably the shunt, is frequently confined to systole (Figs. 33, 
34), but it is pansystolic and therefore easily distinguished from ejec- 
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tion murmurs. With increasing age and fall in pulmonary vascular 
resistance the left-to-right shunt and murmur become continuous (Fig. 
35). In the relatively rare children with high pulmonary vascular 
resistance either persisting from birth or appearing later as the result 
of the torrential pulmonary flow, the shunt, which may be in either 
direction, is small; the duct is large in these patients, and there is 
no duct murmur. The dilated pulmonary artery may produce an ejec- 
tion systolic murmur and regurgitant diastolic murmur (Fig. 36). 
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Fig. 34. Pressure pulses from the child with patent ductus arteriosus whose phono- 
cardiogram is shown in Figure 33. As the catheter is withdrawn from the aorta through 
the duct to the pulmonary artery the systolic pressure falls, but the diastolic remains 
the same, strongly suggesting that the maximum velocity of the flow is in systole. 


The intensity of regurgitant murmurs does not have a close relation 
to the degree of haemodynamic disturbance. For example, in mitral 
valve disease a moderately loud murmur may be associated with only 
minimal regurgitation, and stenosis may be the main lesion. The inten- 
sity of the murmur is mainly related to velocity, and quite a small 
jet may have a high velocity if the pressure difference across the valve 
or defect is high. Thus the systolic murmur in a small and unimpor- 
tant ventricular septal defect may be very loud. A large defect with 
a small pressure difference across it may be silent as in ventricular 
septal defect with high pulmonary resistance or severe pulmonary 
stenosis (Fallot), and as in atrial septal defect. 

InNoceNtT Systotic Murmurs. Ejection vibrations can be recorded 
from the base in most children and young adults, and slight increase 
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Fig. 35. Patent ductus arteriosus with normal low pulmonary vascular resistance and 
typical continuous murmur due to continuous flow from the high pressure aorta to the 
low pressure pulmonary artery. The murmur is loud and often maximal in late systole 
and thus quite different in pattern from a pulmonary systolic ejection murmur followed 
by a diastolic regurgitant murmur. 


Fig. 36. Patent ductus arteriosus with high pulmonary vascular resistance equalling 
the systemic resistance. The pressures on either side of the duct are the same, and the 
shunts through the duct are bidirectional, small, and silent, since the duct is always 
large. The greatly dilated pulmonary artery produces an ejection sound (X), an ejection 
systolic murmur and frequently a diastolic murmur due to pulmonary regurgitation. 
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in intensity of these vibrations is responsible for most innocent systolic 
murmurs (Fig. 37). These murmurs are soft (1% or % of Levine’s classi- 
fication), but with increased flow from exertion or excitement may 
become moderately loud (34). They are variable in site of maximal 
intensity, but usually about equal at the pulmonary area, left sternal 
edge, and mitral area, and softer at the aortic area. They tend to be 
low pitched, frequently musical, and on the phonocardiogram the 
vibrations may be regular. The clear interval at the end of systole 
readily distinguishes innocent ejection murmurs from pansystolic re- 
gurgitant murmurs, and a single or closely split second heart sound in 
the expiratory phase of continued respiration excludes atrial septal 
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Fig. 37. Innocent systolic murmur related to ejection of blood into the aorta and 
pulmonary artery. The clear interval between the end of the murmur and valve closure 
readily distinguishes it from a regurgitant systolic murmur, but not from other ejection 
murmurs. 


defect or pulmonary stenosis, but there may be great difficulty in 
differentiating murmurs due to minimal aortic valvulitis, either acute 
or chronic. Aortic murmurs, however, tend to be as loud in the aortic 
area as elsewhere, which would be unusual for an innocent murmur. 

Murmurs confined to late systole are also thought to be innocent 
(Fig. 23). Though quite loud, there is usually a big variation in inten- 
sity with changes in posture and with respiration, and they may start 
with a mid or late systolic click. A pericardial cause has been suggested, 
as it has been for the clicks, and a phonocardiogram may be necessary 
to demonstrate that early systole is clear. 


DIASTOLIC MURMURS 


On the basis of their timing in relation to the heart sounds, diastolic 
murmurs may be divided into the following groups: (a) ventricular 
filling murmurs, due to flow through the atrioventricular valves in the 
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rapid filling phase under the following conditions: atrioventricular 
valve stenosis, atrioventricular valve disease without stenosis, increased 
atrioventricular flow through normal valves; (b) atrial systolic mur- 
murs (“presystolic”’ murmurs); (c) regurgitant murmurs from incom- 
petent aortic and pulmonary valves. 


Ventricular Filling Murmurs 


The onset of ventricular filling murmurs is delayed until well after 
aortic or pulmonary closure during the time that the pressure in the 
ventricle is falling below that in the atrium (Figs. 30, 38). The loudest 
murmurs are caused by stenosis of the atrioventricular valve (Fig. 38), 
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Fig. 38. Mitral stenosis. Long ventricular élling murmur (MDM) starting consid- 
erably after aortic closure and the snap (X), and going up to the first sound of the next 
cycle. Aortic closure, pulmonary closure, and the snap have been identified by taking 
simultaneous recordings from the pulmonary area and lower left sternal edge. 


but again the intensity does not bear a close relation to the degree 
of haemodynamic disturbance, owing to the variability of the flow. 
Thus the murmur of mitral stenosis may be very soft if the flow is 
small, owing to high pulmonary vascular resistance or cardiac failure. 
The duration of the murmur is a much better guide to the degree of 
stenosis. Prolongation of the rapid filling phase by severe stenosis pro- 
duces a long filling murmur, while a short filling phase with mild 
stenosis can produce only a short murmur. Unfortunately, tachycardia, 
especially in children, prevents an accurate estimate of the length of 
the murmur. Acute rheumatic valvulitis, or minimal chronic rheumatic 
valvulitis without stenosis, causes a soft mitral murmur confined to 
the rapid filling phase and therefore short. It may be extremely difh- 
cult to decide whether the third heart sound, so obvious in children, 
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is pure or is followed by a short diastolic murmur. Nevertheless the 
differentiation is extremely important, for the development of this 
short ventricular filling murmur (Carey Coombs murmur), with or 
without a pansystolic regurgitant murmur, is frequently the earliest 
sign of cardiac involvement in acute rheumatism. High rates of flow 
from left-to-right shunts across normal atrioventricular valves cause 
short soft ventricular filling murmurs. Mitral murmurs of this sort 
are found in patients with patent ductus arteriosus (Fig. 33) and ven- 
tricular septal defect, and tricuspid murmurs with atrial septal defect 
(Fig. 39) and anomalous pulmonary venous return. When the right 
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Fig. 39. Atrial septal defect with left-to-right shunt. The short ventricular filling 
murmur (DM) is attributed to increased flow through the tricuspid valve. The pul- 
monary ejection systolic murmur and the wide splitting of the second sound are also 
attributed to the increased flow through the right side of the heart. 


ventricle is large, as in atrial septal defect, the tricuspid murmur may 
be well heard at the apex, but an increase in intensity on inspiration 
should suggest that it is of tricuspid rather than mitral origin. In 
mitral regurgitation the combination of valvular deformity with in- 
creased diastolic flow frequently causes a short diastolic murmur, im- 
mediately following the accentuated third sound, and confined to the 
rapid filling phase (Fig. 40). 

Ventricular filling murmurs tend to be low in pitch and therefore 
heard best with the bell type of stethoscope applied accurately, but 
gently, to the chest wall so that the skin is not made into a tight 
diaphragm which will cut out the low frequencies. When it is difficult 
to differentiate between a pure third sound and a short mitral diastolic 
murmur, increasing pressure on the bell or changing to a diaphragm 
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Fig. 40. Mitral regurgitation (with mild stenosis). The increased rate of atrio- 
ventricular filling causes a loud third sound and a short diastolic murmur confined to 
the rapid filling phase, which is not prolonged, since there is no appreciable mitral 
stenosis. A small mitral snap is shown at the left sternal edge and a regurgitant murmur 
in the pulmonary area. The mitral snap is never obvious with dominant regurgitation 
and is absent in pure regurgitation. The pansystolic murmur drowns aortic closure at 
the mitral area. 


will attenuate the very low frequency third heart sound more than 
the moderately low frequency diastolic murmur. 


Atrial Systolic Murmurs 


Obvious atrial systolic murmurs are caused by atrial contraction 
ejecting blood through a stenosed atrioventricular valve (Fig. 41). 
Soft murmurs may be produced by atrial contraction which is over- 
active, owing to increased flow from a left-to-right shunt, ejecting 
blood through a normal valve (e.g., tricuspid valve in atrial septal 
defect [Fig. 42]). Thus atrial systolic murmurs are of crescendo-de- 
crescendo pattern like other ejection murmurs; they immediately pre- 
cede ventricular contraction (therefore “presystolic”) unless there is 
delay in atrioventricular conduction or dissociation. Since the right 
atrium contracts before the left, right atrial murmurs are a little earlier 
than left. Left atrial ejection murmurs are therefore very close to the 
first sound, and in mitral stenosis the decrescendo part of the murmur 
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Fig. 41. Mitral stenosis with normal rhythm. Left atrial systolic murmur (ASM), 
mitral opening snap (OS) and diastolic murmur (MDM). The loud first sound has 
been attenuated electronically. 
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Fig. 42. Atrial septal defect. Right atrial systolic murmur caused by over-active right 
atrial contraction. ‘The increased right-sided flow is also responsible for the accentuated 
tricuspid component of the first sound, pulmonary ejection murmur, wide splitting of 
the second sound, and ventricular filling murmur. 


is frequently obliterated by the loud first sound (Fig. 41). The short- 
ness of the murmur makes it very difficult to differentiate from split- 
ting of the first sound, or from an atrial sound preceding the first 
sound, except that a left atrial murmur is maximal at the apex with 
the patient newly turned on the left side after exertion. Great caution, 





868 AUSCULTATION OF THE HEART 


however, is necessary in making the diagnosis of mitral stenosis on 
an atrial systolic murmur alone, and in practice it is almost invariably 
accompanied by an opening snap and a ventricular filling murmur. 


Aortic or Pulmonary Regurgitant Murmurs 


Closure of the aortic and pulmonary valves at the end of systole 
immediately creates a pressure difference between great vessel and 
ventricle, and the murmur starts at once, may rise to a crescendo when 
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Fig. 43. Aortic regurgitation. The murmur starts immediately after aortic closure 
and is pandiastolic. An ejection sound or systolic murmur may be present even in mild 
cases and should attract attention to the possibility of aortic regurgitation. 


the ventricular pressure reaches zero, and continues, though less in- 
tense, throughout diastole (Figs. 26, 36, 43). The regurgitant jet may 
be small, and the pressure difference across the valve is large, which 
probably accounts for the high frequency of these murmurs. Minimal 
regurgitation may be detected by practised auscultators with good 
hearing long before the increased stroke volume produces the char- 
acteristic pulse and ventricle, probably because the pitch of the mur- 
mur is nearing the optimum for the ear. A large stethoscope chest 
piece is an advantage, since it picks up a greater volume of sound, 
and a diaphragm cutting out the lower frequencies helps to concentrate 
attention on the high. Regurgitant diastolic murmurs may be due to 
aortic or pulmonary valve disease, or aortic or pulmonary valve ring 


* 


§ 
$ 
? 
z 
: 
4 
2 
< 
: 


a0 





2 
: 
r 
; 


AUBREY LEATHAM 869 


dilatation. Differentiation between the two is very difficult, since 
the localisation and quality of the murmurs may be similar. It might 
have been expected that pulmonary diastolic murmurs would be 
lower in pitch, owing to the small diastolic pressure difference across 
the pulmonary valve, but pulmonary regurgitation with a normal pul- 
monary diastolic pressure of only 5 or 10 mm. of mercury is extremely 
rare. In fact, pulmonary diastolic murmurs are almost invariably sec- 
ondary to ring dilatation from high pulmonary vascular resistance and 


Fig. 44. Pulmonary regurgitation, secondary to pulmonary hypertension (Eisen- 
menger’s syndrome). Complete right bundle branch bloek delays pulmonary closure, 
and the diastolic murmur can be seen to start after the later sound. 


pressures (Fig. 44), and, in practice, pulmonary regurgitation should 
be diagnosed only under these conditions. The phonocardiogram is 
only of help in differentiating aortic and pulmonary regurgitation when 
complete right bundle branch block causes wide separation of aortic 
and pulmonary closure and the start of the murmur can be seen to 
follow one or other sound (Fig. 44). 


SUMMARY 


Present beliefs on the relation of heart sounds and murmurs to 
haemodynamics have been summarised, and illustrated with phono- 
cardiagrams taken simultaneously from different areas together with 
pressure pulses. A classification is given of heart sounds and systolic 
and diastolic murmurs, based on physiological principles. 
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ELECTROCARDIOGRAPHY 
IN INFANTS AND CHILDREN 
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Advances in diagnostic methods are constantly challenged by new 
discoveries in surgical procedures for the correction of congenital as 
well as acquired cardiac diseases. Among the methods used for recog- 
nition of heart ailments the electrocardiogram gives a definite aid. 

In this paper we will present those elements of the electrocardio- 
graphic curve based on actual knowledge of the ventricular activation 
process which can be applied in the diagnosis of cardiac cases, espe- 
cially congenital malformations. We will naturally start with the 
normal electrocardiographic patterns of children. 


NORMAL CHILD’S ELECTROCARDIOGRAM 


P-R INTERVAL 


The duration of the P-R interval varies in inverse proportion to 
the sinus rate: i.e., the higher the rate, the shorter the P-R interval. 
The values of the P-R interval increase proportionately with age. We 
present Ziegler’s'® and our own findings at different ages: 


From the Department of Electrocardiography, Instituto Nacional de Cardiologia, 
Mexico, D. F. 
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AGE INC* ZIEGLER 
fe Se eer 0.12 second 0.10 second 
S| BSR ISS eae Barr 0.122 second 0.11 second 
st RRC era rere 0.13 second 0.125 second 
PR fasierw sushac curse diego 0.132 second 0.134 second 
EE ois, ew Soe ieimaieurs 0.14 second 0.139 second 

EE EE wins coiwekowukw ces 0.146 second 0.149 second 


* Instituto Nacional de Cardiologia de México. 


In interpreting the P-R interval, age and heart rate must be taken 
into consideration. Most textbooks on electrocardiography contain 
tables for minimum and maximum P-R intervals in terms of age 
and rate. 

The heart rate in infancy is normally higher than in older ages, and 
progressively diminishes until adolescence. Rates at different ages are 
as follows: 


AGE RATE PER MINUTE 
I ds Sicasdak ach ar elt oir nia ghd de Gh den Dea May be as high as 200 
EE SE ne ae eee pe 125-150 
DE Ga ctacsinnesy Kise waksag eas 115-130 
I ee eee eee eee 90-105 
API by Snck's dase Maus ek oh a GO 90-100 
iS, RC nese ter ae Sener ae 85-90 
DEE Sac ccucvechrchsassoetareeees 80-85 


Significance of the P-R Interval 


The P-R interval represents the time required for the activation 
wave, originating in the sinus node (Keith-Flack’s), to depolarize some 
portion of the atrial musculature and to pass through the atrioventric- 
ular node (Aschoff-Tawara’s), the bundle of His and left branch, 
until it reaches the middle portion of the left septal surface. 


Shortening of the P-R Interval 


If, in accordance with the table, the P-R interval is short, we can 
take into consideration the following possibilities: (a4) nodal rhythm 
(negative P waves in leads II, III and aVF); (b) coronary-sinus rhythm 
(positive P waves in the three standard leads); (c) Wolff-Parkinson- 
White syndrome (short P-R, increased ORS duration and slurring at 
the onset of the upstroke of the R); (d) wandering of the pacemaker 
to the atrioventricular node; (e) active ectopic rhythms (atrial and 
nodal premature beats, paroxysmal atrial tachycardia, and so on). 


Lengthening of the P-R Interval 
We diagnose first-degree atrioventricular block when the P-R 


interval is prolonged. This type of block is observed in the following 
conditions: (a) in congenital heart disease, especially in atrial and 
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ventricular septal defects; (b) acute phase of rheumatic heart disease; 
(c) some drug effects, such as digitalis action; (d) acute myocarditis 
or myocardial changes of different etiology (diphtheria, Chagas’ disease 
and other parasitoses, scarlet fever, syphilis, neoplasms, and so forth); 
(e) vagotony; (f) systemic or local metabolic disturbances. 

The atrioventricular conduction can be impaired to the point of 
advanced degrees of atrioventricular block (second-degree and com- 
plete atrioventricular blocks). The conditions mentioned above as a 
cause of first-degree block can also produce the second and complete 
degrees. More details concerning atrioventricular conduction disturb- 
ances are available in textbooks on electrocardiography. 


THE P WAVE 


The infantile P wave is similar to that of the adult. However, be- 
fore the age of three years the P waves are usually peaked with voltage 
up to 2.5 or 3.0 mm., and a duration ranging between 0.05 and 0.07 


tel 


III 


Proce 





Fig. 45. Normal child’s electrocardiogram. The P waves are slightly peaked. The 
complexes in the right precordial leads are of the Rs type with R/R-+S index above 
0.50 mm. The T waves are negative from V, through V3 and are characteristic of 
children. 
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second (Fig. 45). These changes are probably due to the rapid ventricular 
rate observed at this age. Slight slurring of the ascending limb of P 
has no pathological significance. 

The mean manifest electrical axis of the atrial activation process 
(AP) is in most cases deviated to the right. According to Ziegler, 
the AP in children is usually between +75 and +80 degrees. In our 
series of cases the values range between +50 and +65 degrees. 


THE VENTRICULAR COMPLEX (QRS) 


Duration 


In accordance with our findings and those of Ziegler,> the ORS 
duration is slightly shorter in early childhood than in adulthood. The 
values range between 0.06 and 0.07 second up to the third year of 
age; from the third to the sixteenth year the duration varies between 
0.07 and 0.08 second; i.e., the ORS duration lasts longer as age ad- 
vances. 


AQRS (Mean Manifest Electrical Axis) 


We as well as Ziegler!® have observed that there are few instances 
of notable right axis deviation (up to +135 degrees) in ages below 


three. 
The average AORS positions in relation to age are as follows: 


AGE ZIEGLER 
+69° 
+62° 
+64° 
+69° 

CORE cic aWiek read wcsaene sane 5 +64° 
| ee eee ere re eer 73. +66° 


The QRS Complex in the Precordial Leads 


The unipolar normal tracings registered in leads Vi and V2 in 
adults are of the rS type. The R/R-+S index does not go above 0.5 
mm. During the three first years of life the positive (R wave) is 
greater than the negative deflection (S wave) in most cases (Fig. 45). 
Complexes of the Rs or RS type therefore are commonly recorded 
in the right precordial leads. On the other hand, the index R/R+S 
is above 0.5 mm. (Fig. 45). From the third to the sixteenth year the 
value of the index diminishes under 0.5 mm. 

Our findings on morphologies and index values are similar to those 
of Ziegler. 

There are instances in which the ventricular complex shows a 
double positivity, suggesting some degree of right bundle branch block. 
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From the clinical and radiologic points of view most of these cases 


are normal. 


It has been assumed that the free right ventricular wall is thicker 
than the left, in order to explain the high R waves recorded in the 
right precordial leads. However, in studies at the Instituto Nacional 
de Cardiologia of México by de la Cruz’ there is no evidence of right 
ventricular predominance in the parietal thickness (Figs. 46, 47) after 


Mean values in millimeters 
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Fig. 46. Parietal thickness of the ventricles in the first 11 months of life. 
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Fig. 47. Parietal thickness of the ventricles at different ages in children. 
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measuring at nine different levels the right and left ventricles. What 
really occurs is that in the child’s heart the free right ventricular wall 
is thinner than the left, and there is no great difference between both 
ventricles as in adults. De la Cruz et al.’ studied 70 normal hearts of 
children whose ages ranged from the sixth month of intrauterine life 
up to 11 years (Figs. 46, 47). These authors measured the free wall 
of each ventricle, excluding the papillary muscles and trabecular tissue, 
at three different levels: anterior, external or lateral and posterior bor- 
der (of cut surfaces). The results show that the thickness of the free 
right ventricular wall is less than that of the left ventricle. The increase 
in thickness is more important in the left ventricular wall than in 
the right as age progresses (Fig. 47). These anatomic findings are not 
contrary to our electrogenetic concepts, but amply explain the mor- 
phologies recorded in right (V1, V2) and left (Vs, Ve) precordial 
leads up to the age of three. In both cases the R predominates over 
the S wave. Biventricular hypertrophy is suggested when morphologies 
like those above are recorded in the adult (Fig. 45). 

The unipolar right precordial morphologies of ventricular complexes 
with a predominant S wave appear after the age of five. Before this 
age the diagnosis of right ventricular hypertrophy is difficult, and a 
careful investigation should be made with special attention to con- 
comitant P and T wave changes, and analyzing the unipolar mor- 


phologies recorded in the precordial leads, in order to ascertain whether 
they belong to the right or to the left ventricle. 


THE T WAVE 


The morphology of the T wave varies according to age. At birth 
and during the first hours or days of life the T waves are upright in 
the right precordial leads, and frequently inverted in the left pre- 
cordium. Thereafter the waves gradually become negative in the right, 
and positive in the left, precordial leads. Before the age of one year 
the T wave is negative from V; through V; (Figs. 45, 48) and occa- 
sionally up to V4. It is asymmetric, negative, peaked, with an upward 
convexity of the RS-T segment; the descending limb of the T wave 
is inscribed slowly, while the inscription of the ascending limb is 
rapid and ends in a small positivity. The infantile T wave could be 
confused with a T wave of myocardial ischemia were it not for its 
asymmetry and terminal positivity (Fig. 48). 

The infantile T wave registered at the age of three years usually 
does not go beyond V3. The T wave registered in subsequent pre- 
cordial leads is positive and may show a deep notching with a double 
hump morphology (Fig. 49). These bifid T waves have no pathologic 
significance. The above-mentioned T wave changes remain essentially 
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the same up to the age of 12 with the difference that bifid T waves 
are present in more precordial leads and there is a more conspicuous 
terminal positivity of the infantile T wave. After the age of 12 the 
precordial T waves become positive in the majority of cases, and only 
in V; and V2 may infantile T waves be still observed. Our findings 
in reference to the infantile T wave are similar to those of Ziegler, 
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Fig. 48. Normal child’s electrocardiogram. The T waves are negative from Vj, 
through V3 and could be confused with the T waves of myocardial ischemia because of 
their peaked character; however, the slight asymmetry and the age of the patient 
speak in favor of a normal tracing. 


who reported that between six months and the first year’s span of 
life the T wave is negative in V; in 100 per cent of the cases; in Vo, 91 
per cent; in V3, 57 per cent; and in V4, 4.3 per cent. Between the first 
and third years the T wave is negative in V; in 96 per cent of the 
cases; in Vo, 77 per cent; in V3, 38 per cent; and in V4, 4 per cent. 
The negativity of the T wave diminishes progressively according to 
age, and between eight and 12 the T wave is negative in V; in 82 
per cent of the cases; in V2, 13.2 per cent; in V3, 4.45 per cent; and 
in V4, 0 per cent. After the age of 12 the T wave is negative in V, in 
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| V5 
Fig. 49. Normal child’s electrocardiogram. The T waves in Vz and V4 show a deep 
notching with a double hump morphology. 
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42.3 per cent of cases, and is not found so in the remaining precordial 
leads. Infantile T waves may still be observed beyond the age of 12, 
especially in the female. 


VENTRICULAR REPOLARIZATION (AT) 


The mean manifest axis of the ventricular repolarization process 
(AT) is normally located between +30 and +40 degrees (Fig. 48), 
although there are instances in which there is left axis deviation (as 
an isolated finding) without pathologic significance. On the horizontal 
plane the axis is projected towards the left and backwards (Fig. 48). 
This axis behavior corresponds to the negative infantile T wave pre- 
viously described. 

The mechanism of the ventricular repolarization process in the 
child’s heart remains unknown; we are unable to determine which 
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region of the heart contributes most to the genesis of the infantile 
T wave.'¢ 


ELECTRICAL POSITION OF THE HEART 


We find that clockwise rotation along the longitudinal axis (S1-Q3) 
is the most frequent position up to the age of eight years, and counter- 
clockwise (Q1-S3) after twelve. 


THE ELECTROCARDIOGRAM IN CONGENITAL HEART DISEASE 


Most specialists on congenital heart disease are prone to under- 
estimate the value of the electrocardiogram in the recognition of 
congenital cardiac malformations. 

At the Instituto Nacional de Cardiologia we have been studying the 
electrocardiograms in congenital heart disease for the past seven years. 
In 1948 Vizcaino et al.1* reported for the first time the high incidence 
of right bundle branch block in atrial septal defect. Cabrera and Mon- 
roy in 1952? * presented a new approach to the electrocardiogram in 
relation to hemodynamic findings. This criterion, although having 
limitations, represents a definite contribution to a better understand- 
ing of the electrocardiographic curve. Some of us have recently called 
attention to a number of electrocardiographic patterns in congenital 
heart disease.®: ® 1% 11, 12, 13,16 We have also described the unipolar 
morphologies suggestive of atrial and ventricular enlargement, the T 
wave behavior in the precordial leads and many other diagnostic clues 
which will be analyzed later on. 

Although we consider the electrocardiogram of great help in the 
diagnosis of congenital heart cases, we do not think this method better 
than other diagnostic aids. 


The “’P Congenitale”’ 


The term “P congenitale” was introduced by Zuckermann, Cisneros 
and Novelo'® to designate the P wave changes suggestive of a con- 
genital malformation of the heart (Figs. 63, 64). 

The characteristics of the “P congenitale” are peaked and tall P 
waves (3.0 mm. or more in height), slightly slurred and notched; 
normal duration in most cases; registered as a rule in leads I, I], aVF 
and aVL,; i.e., the AP is usually found between +30 and +45 degrees; 
in V; and Vz the P is sharply diphasic with a predominant positive 
phase. These changes suggest important right atrial enlargement (hy- 
pertrophy and/or dilatation). Factors such as cyanosis and horizontal 
position of the heart increase the voltage and peaked morphology of 
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the P wave; the cyanosis can play a prominent role in the production 
of these P wave changes. Pefialoza et al.'* have mentioned that the 
“P congenitale” is observed in cases with lowered oxygen saturation 
of the arterial blood. In Pefialoza’s cases the P wave changes occurred 
when the oxygen saturation dropped to 71 per cent; there appears to 
be an inverse relation between the degree of oxygen saturation and the 
P wave changes. 

Zuckermann, Cisneros and Novelo'® stressed the role played by 
horizontal position of the heart in order to explain the registration of 
the “P congenitale” in leads I and II, and not in II and III as occurs 
in other types of right atrial enlargement (chronic cor pulmonale, 
mitral-tricuspid valvular disease, and so on). This is the reason why, 
in the cases of congenital malformations without horizontal position, 
the P wave changes are better recorded in leads II, III and aVF. The 
“P congenitale,” although a nonpathognomonic sign (occasionally 
seen in rheumatic heart disease), when observed in a child’s tracing 
can lead us to suspect a congenital cardiac malformation of the 
cyanotic group. 

The main entities of the cyanotic group in which the “P congen- 
itale” is usually found are Fallot’s tetralogy, trilogy and pentalogy, 
transposition of the great vessels, common trunk, persistent common 
atrioventricular canal (complete variety) and Ebstein’s disease. 

In Ebstein’s malformation of the tricuspid valve the “P congenitale” 
has a high voltage, up to 9.0 mm. in the right precordial leads (re- 
corded N/2). It is probable that the tallest P waves are found in this 
malformation and in tricuspid stenosis, both congenital and acquired. 

In tricuspid atresia the P wave tends to be of the congenital type 
and shows two humps, the first being greater than the second. 

The “P congenitale’” is rarely found in congenital malformations 
without cyanosis. Pure pulmonary stenosis is an exception, since the 
congenital P wave is a common finding in this disease. 

Sometimes the P waves are peaked, high and broad (more than 
0.12 second), suggesting biatrial enlargement (interatrial septal de- 
fect, Ebstein’s disease, tricuspid atresia, tricuspid stenosis and so forth). 
When there is considerable right atrial enlargement, the peaked and 
tall P waves, with or without increase in duration, are recorded in 
several precordial leads. 


P-R Interval 


The lengthening of the atrioventricular conduction or first-degree 
atrioventricular block is observed mainly in congenital malformations 
without cyanosis, as interatrial and interventricular septal defects. In 
a series of 100 cases of interatrial septal defect studied in our Depart- 
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ment, the P-R interval was found prolonged in 23 per cent of the 
cases. In a series of 66 cases of interventricular septal defect, first- 
degree atrioventricular block was observed in 3 per cent of the cases. 
Second- and third-degree (complete) heart block may also be present 
in congenital heart disease. The complete form of atrioventricular block 
had been erroneously regarded as necessarily associated with ventricular 
septal defect. 


Ventricular Hypertrophy and Overloading 


The relation between the electrocardiogram and hemodynamics has 
been studied in our laboratory by Cabrera and Monroy, * * who pre- 
sented data for the recognition of systolic and diastolic overloading 
of the right and left ventricles. 

In systolic overloading of the heart Fenn’s phenomenon is applied: 
the higher the resistance, the greater the contraction forces during 
the systolic ejection. The systolic overloading of the left ventricle is 
found in congenital aortic stenosis, whereas pulmonary stenosis and 
any other congenital malformation producing pulmonary hypertension 
are examples of systolic overloading of the right ventricle. 

In diastolic overloading of the heart Starling’s law is applied: i.e., 
the greater the diastolic filling, the more important distention of the 
muscular fibers and consequently more powerful cardiac contraction. 
Right ventricular diastolic overloading is mainly seen in interatrial 
septal defect, while diastolic overloading of the left ventricle will be 
found particularly in patent ductus arteriosus. 

We should add that in patent ductus arteriosus the mechanism of 
diastolic overloading of the left ventricle is only relative, since the 
amount of blood reaching the left ventricle is normal, but the blood 
arriving at the right ventricular cavity during diastole is reduced be- 
cause of the shunt through the ductus. It is therefore a matter of 
greater stretching of the left ventricular musculature in relation to 
that of the right ventricle during diastole. 

Cabrera and Monroy” * were somewhat dogmatic in their original 
electrocardiographic description of the four groups of ventricular over- 
loading. However, the hemodynamic approach to electrocardiographic 
interpretation has definite value. 


Systolic Overloading of the Right Ventricle 


This type of overloading is recognized by the morphologies registered 
in V; and Vs, of the Rs, qR, qRs, rR and R types with initial slurring 
or notching. This pattern is also suggestive of right ventricular hyper- 
trophy. The T wave may be positive or negative, depending upon the 
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degree of right ventricular pressure. The possibilities of failing to es- 
tablish the diagnosis are rare unless the child’s age is below three. 

The high voltage of the ventricular complex is due to the strong 
electrical forces produced by the hypertrophied right ventricle; but 
it is also indicative of the hemodynamic changes coexisting with the 
hypertrophy. 

The following are some entities of congenital heart disease in which 
important right ventricular systolic overloading is observed (Figs. 57, 
59, 64, 65): (a) Fallot’s group (trilogy, tetralogy and pentalogy); 
(b) pure pulmonary stenosis; (c) patent ductus arteriosus with pul- 
monary hypertension; (d) ventricular septal defect with pulmonary 
hypertension; (e) Eisenmenger complex. 

Systolic overloading of the right ventricle is found in congenital 
and in acquired heart disease, although with a lower incidence in 
the latter, among which we find instances of rheumatic heart disease 
(mitral stenosis with important pulmonary hypertension) and chronic 
cor pulmonale with high pulmonary pressure. 


Diastolic Overloading of the Right Ventricle 


This diagnosis is made when right bundle branch block exists. But 
this type of block is also found in normal hearts, and in many other 
conditions without diastolic overloading of the right ventricle. 

The presence of right bundle branch block in a child’s tracing with 
precordial morphologies suggestive of right ventricular hypertrophy 
is indicative of diastolic overloading. Interatrial septal defect and per- 
sistent common atrioventricular canal are the most frequent malforma- 
tions causing these electrocardiographic variations (Figs. 58, 62). 


Systolic Overloading of the Left Ventricle 


This electrocardiographic pattern is characterized by a delayed re- 
polarization of the left ventricle (flat or negative T waves) with RS-T 
depression over those leads registering potential variations of the left 
ventricle. We observe this pattern in congenital aortic stenosis (Fig. 
53). In many other conditions without systolic overloading of the 
left ventricle the pattern may also be present, for instance in left 
bundle branch block, coronary disease, and so forth. 


Diastolic Overloading of the Left Ventricle 


There are also some diagnostic limitations in this electrocardio- 
graphic pattern. This type of overloading is recognized by the presence 
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of tall R waves with positive, high and peaked T waves preceded by 
an upward RS-T displacement with upward concavity in V; and V5. 
(Fig. 55). The limitations for its diagnostic utility derive from the 
fact that it is also observed in cases without diastolic overloading, i.e., 
vagotonic conditions, pericarditis, hyperkalemia, and so on. 


Distribution of Electrical Axis (AQRS) in Congenital Heart Disease 


The mean electrical axis in congenital heart disease has been re- 
cently studied by Sodi-Pallares et al.1* The different cardiac malforma- 
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SE NEW CASES NOT INCLUDED IN THE ORIGINAL SERIES 


Fig. 50. Distribution of cyanotic congenital cardiac malformations (according to fre- 
quency). Those malformations under 9.9 per cent incidence are not included. 


tions were grouped according to the AORS position. This vector was 
determined and plotted on the triaxial system of Bayley for cyanotic 
and acyanotic cases. 

Figure 50 shows the distribution of AORS for the group of con- 
genital heart cases with cyanosis. When AORS is deviated to the left 
(between 0 and —60 degrees), three main malformations are to be 
considered: tricuspid atresia, persistent common atrioventricular canal, 
and Ebstein’s disease. Tricuspid atresia has the highest incidence; the 
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left axis deviation is explained by hypertrophy and dilatation of the 
left ventricle and the counterclockwise rotation of the heart. 

The electrocardiographic pattern of the three malformations is 
characteristic and makes the differential diagnosis rather easy (vide 
infra). 

In sextant II of Bayley (between —6] and —120 degrees) the great- 
est incidence is that of persistent common atrioventricular canal, 
followed by single ventricle, tricuspid atresia, Fallot’s tetralogy and 
trilogy, and Ebstein’s disease. It is important to note that while per- 
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Fig. 51. Distribution of acyanotic congenital cardiac malformations (according to fre- 
quency ). Those malformations under 0.9 per cent incidence are not included. 











sistent common atrioventricular canal is distributed throughout this 
sextant, single ventricle and tricuspid atresia are located between —61 
and —90 degrees (only one case of each of these entities was found 
beyond —90 degrees). All but one of the cases of Fallot’s trilogy and 
tetralogy were located between —91 and —120 degrees. 

Among the cases located in sextant III of Bayley, Fallot’s tetralogy 
is by far the congenital anomaly with the highest incidence (see Fig. 
50). Therefore, in the presence of a patient with early and much 
cyanosis, if AORS is located between —121 and +180 degrees, the 
most probable diagnosis is Fallot’s tetralogy. On the other hand, per- 
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sistent common atrioventricular canal shows a low incidence in rela- 
tion to tetralogy (see Fig. 50). 

In sextant IV of Bayley, Fallot’s tetralogy again heads the list of 
malformations. Fallot’s trilogy was found three times less frequently 
than Fallot’s tetralogy, according with incidence. Tricuspid atresia was 
not observed in this sextant. Other anomalies showed a low incidence 
(Fig. 50). 

Every cyanotic entity of the series was found in sextant V of Bayley. 
They are listed, according to incidence, in Figure 50. The electrocardio- 
graphic patterns will be described later. 

In sextant VI of Bayley (Fig. 50) three main malformations are 
observed: tricuspid atresia, Ebstein’s disease and Fallot’s trilogy. On 
the other hand, Fallot’s tetralogy and pentalogy, common trunk, 
transposition of the great vessels and persistent common atrioventricu- 
lar canal can be excluded according to our series (because of their 
null incidence). 

Figure 51 shows the distribution of AORS for congenital malforma- 
tions without cyanosis. 

We must not forget that the determination of AORS is only a part 
of the whole electrocardiographic interpretation. The following elec- 
trocardiographic patterns representative of the main congenital mal- 
formations will be a diagnostic aid. 


DEFINITION AND ELECTROCARDIOGRAPHIC CHARACTERISTICS OF THE 
MAIN ACYANOTIC CONGENITAL HEART DISEASES 


Coarctation of the Aorta 


Coarctation is a narrowing of the aorta located before, at the level 
or beyond the insertion of the ductus arteriosus. If the narrowing 
occurs before the ductus, the coarctation corresponds to the infantile 
type; if it is at the level or beyond the ductus, it corresponds to the 
adult type. 

The following electrocardiographic findings are suggestive of coarcta- 
tion of the aorta (Fig. 52): 

1. AQRS is not deviated, or is slightly deviated to the right, in about 
three fourths of the instances. In the remaining cases AORS is deviated 
to the left. 

2. Signs of left ventricular hypertrophy (which are more common 
as age increases): delayed intrinsicoid deflection in V; and V¢, deep 
S waves in the right precordial leads, incomplete left bundle branch 
block (in a few cases right bundle branch block may be found 
instead ). 





886 ELECTROCARDIOGRAPHY IN INFANTS AND CHILDREN 


Fig. 52. Coarctation of the aorta. There is no left axis deviation (AQRS + 60°). 
The deep S waves in the right precordial leads and the delayed seed deflection 
in Vs and V¢ suggest left ventricular hypertrophy. 


Congenital Aortic Stenosis 


This a truncoconal malformation® which may be valvular or infun- 
dibular (subaortic stenosis). In both cases left ventricular hypertrophy 
is present. 

The electrocardiographic characteristics of this malformation are as 
follows (Fig. 53): 

1. P wave changes suggestive of left atrial enlargement (P2: 0.12 
second or more, bifid P waves, notchings, and the like). 

2. High voltage of the ventricular complex. 

3. Lack of axis deviation, as a rule. 

4. Left bundle branch block (incomplete or complete). If there 
is no bundle branch block, complexes of the qR type with secondary 
negative T’ waves may be observed in the standard leads. 

5. Negative T waves suggesting myocardial ischemia are common 
findings. 
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Fig. 53. Congenital aortic stenosis. In addition to the electrocardiographic signs of 


left ventricular hypertrophy, negative T waves of the ischemic type are present in leads 
II, III and aVF (posterior-inferior ischemia) . 


Ventricular Septal Defect 


This is due to a lack of development of one or more of the em- 
bryological components of the septum. 

According to de la Cruz and Cisneros,® ventricular septal defects 
are of two main varieties: basal and apical. The basal defects are of 
three types: anterior, middle, and middle-posterior. The most frequent 
variety is the middle-basal, which lies mainly at the membranous por- 
tion and extends a little over the muscular portion of the septum, 
just below the aortic ring-floor and in contact with the septal leaflet 
of the tricuspid valve. 

Less frequent types are the anterior-basal and the middle-posterior 
basal. The former are localized below the aortic and pulmonary valves, 
and in front of the crista supraventricularis, then interinfundibular. The 
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latter type affects the membranous and muscular portions, below 
the aorta, between the aortic leaflet of the mitral valve and the 
septal leaflet of the tricuspid valve, with well developed atrioventricular 
rings. 

The apical types are localized at the trabecular zone of the septum. 

The diagnostic electrocardiographic findings in ventricular septal 
defect are as follows (Fig. 54): 

1. Large isodiphasic complexes in leads Vz and V4. 

2. Signs of left ventricular hypertrophy: qRs or qRS type of com- 
plexes in V; and Vg. The O wave may be deep, up to 10 mm. (unusual 
finding in patent ductus arteriosus). The T wave is usually positive 


raalal 


Fig. 54. Ventricular septal defect. In V; “M’”-shaped complexes are registered with 
the first positivity greater than the second. In V; the complexes are of the qR type. 
The deep QO wave in V; and the tall R in V; are ‘suggestive of important forces across 
the septum (septal hypertrophy? ). 





in the same leads and is high and peaked when the right intraventricu- 
lar pressure is below 60 mm. of mercury. 

3. Signs of right ventricular hypertrophy with some degree of right 
bundle branch block: rR or Rr type of complexes in V; and Vz. The 
first positivity is generally high, and since it is synchronous with the 
O wave registered in the left precordial leads, we believe this is due 
to septal hypertrophy. In many tracings the T wave remains positive 
in the right precordial leads (unusual finding in patent ductus arterio- 
sus). 

4. Deep O waves in leads II, III and aVF with or without RS-T 
positive displacement with upward concavity, and high T waves. 

Sometimes it is impossible to distinguish the electrocardiographic 
pattern of ventricular septal defect from that of patent ductus 
arteriosus. 
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Patent Ductus Arteriosus 


This malformation is a remnant of the efferent portion of the sixth 
aortic arch (left or right). It is a fetal vessel which remains abnor- 
mally opened after birth, communicating the left main pulmonary 
artery with the aortic arch, or the right main branch of the pulmonary 
artery with the right subclavian artery. 

The usual electrocardiographic findings in patent ductus arteriosus 
are as follows (Figs. 55-57): 


vt aa 


Fig. 55. Patent ductus arteriosus without pulmonary hypertension. Tall R waves 
with an upward concavity of the RS-T segment, and positive and peaked T waves are 
inscribed from V4 through V¢. 









The P wave may be slurred and notched with a duration of 
().12 second or more in the standard leads. 

2. Large isodiphasic complexes of the RS type with positive T waves 
in Vs and V3. 

3. Signs of left ventricular enlargement (diastolic overloading): 
high R waves with delayed intrinsicoid deflection in V; and V4; tall 
and peaked T waves with or without RS-T elevation with upward con- 
cavity in the left precordial leads; small R waves in the right pre- 
cordial leads (these signs, when isolated, correspond to patent ductus 
arteriosus without pulmonary hypertension)* (Fig. 55). 

4. Signs of right ventricular enlargement (systolic overloading) : 
complexes of the Rs or R type with high R waves and negative T 
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waves in V, and V2 (when these findings are associated with those 
described for left ventricular enlargement, the tracing corresponds to 
that of patent ductus arteriosus with moderate pulmonary hyperten- 


sion) (Fig. 56). 
eis Mae ke 
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Fig. 56. Patent ductus arteriosus with moderate pulmonary hypertension. The 
unipolar morphologies of the precordium suggest biventricular enlargement (systolic 
overloading of the right ventricle and diastolic overloading of the left ventricle). 








There is the possibility of confusing the pattern of patent ductus 
arteriosus with moderate hypertension with that of ventricular septal 
defect. 

When the signs of systolic overloading of the right ventricle are 
found isolated, the electrocardiogram corresponds to that of patent 
ductus arteriosus with high pulmonary hypertension (Fig. 57). We 
should add that this pattern may also be mistaken for that of pure 
pulmonary stenosis as well as for that of idiopathic pulmonary hyper- 
tension. 

5. In a few cases incomplete left bundle branch block may be 
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Fig. 57. Patent ductus arteriosus with high pulmonary hypertension. In V, the tall 
R wave with a negative T wave suggests right ventricular hypertrophy with systolic 


overloading of the right ventricle. The pattern of diastolic overloading of the left 
ventricle is not present in V5 and Vg. 









observed with the characteristic that the T waves remain positive in 
the left precordial leads. 


Interatrial Septal Defect 


This consists of an opening in the atrial septum after birth. 

There are several types of defects, the most frequent being malfor- 
mations of the foramen ovale: either of the limbus fossae ovalis or 
the valvuli foraminis ovalis, or, the most common, a combination of 
both. 

Simple patency of the foramen is a frequent normal finding during 
the first year of life. After this age it is indeed an abnormal condition, 
not frequently observed. Among the rare forms is persistence of the 
foramen secundum.* We have not observed foramen primum as an 


* The foramen secundum must not be confused, as it often is in the literature, with 
malformations of the foramen ovale. 
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isolated condition; it generally appears in association with persistent 
common atrioventricular canal (partial or total varieties). 
The usual findings in atrial septal defect are as follows (Fig. 58): 
1. The P waves are slurred and broad in the standard leads, sug 
gesting left atrial enlargement. There are tracings in which signs of 
right atrial enlargement (high and peaked P waves mainly in leads 
I and II) are also present. 





Fig. 58. Atrial septal aefect. There is incomplete right bundle branch block. The 
unipolar morphologies belonging to the right ventricle and right septal surface are 
registered from V,; through V4, suggesting right ventricular enlargement. 


2. First-degree atrioventricular block. 

3. Complete or incomplete right bundle branch block. The unipolar 
morphologies of the right ventricle in the presence of block (rsR, rsRS 
or RS with initial slurring) are registered in most precordial leads, 
indicating right ventricular enlargement. 


Pure Pulmonary Stenosis 


This malformation of the truncoconal group can be valvular or 
infundibular (isolated), the latter being a rare variety.® In both cases 
there is right ventricular hypertrophy. 
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Electrocardiographic findings of pure pulmonary stenosis are as 
follows (Fig. 59): 

1. If there is a mild degree of stenosis, the electrocardiogram may 
be within normal limits, of the $1, $2 or $3 type with small isodiphasic 
complexes, and minor P wave changes (slightly peaked P waves in 
the standard leads). 

2. If the right ventricular pressure reaches 100 mm. of mercury or 
more, complexes of the Rs, R, qR or rsR are registered in V; and V2 


Ir ee 
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Fig. 59. Pure pulmonary stenosis with high right ventricular pressure. The tracing is 
suggestive of systolic overloading of the right ventricle with right ventricular hyper- 
trophy. 








and sometimes up to V3 or V, (Fig. 59). The T waves are usually 
positive in the right precordial leads unless the right ventricular pres- 
sure is high, in which case the T waves become negative of the 
“ischemic type” (this pattern resembles that of idiopathic pulmonary 
hypertension ). 


Eisenmenger Complex 


This is a truncoconal malformation® characterized by two com- 
ponents: changes of the pulmonary vascular bed and the cardiac mal- 
formation. The cardiac component has four elements: (a) The pul- 
monary artery, usually dilated, rises from the right ventricle in front 
of the crista supraventricularis and crosses the ascending aorta; (b) the 
aorta is dextroposed and emerges behind the crista supraventricularis, 
overriding a ventricular septal defect (the degree of dextroposition is 
variable, and the artery can emerge from the right ventricle); (c) a 
ventricular septal defect of variable size at the membranous portion 
of the septum; (d) right ventricular hypertrophy. There is a variety 
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of Eisenmenger complex in which the caliber of the aorta is smalle 
than the normal. 

Electrocardiographic signs in Eisenmenger complex are as follow 
(Fig. 60): 

1. Right bundle branch block with unipolar morphologies of th: 
tight ventricle (rsR, rsRS, RS) recorded up to V; and Vg». Conspicu 
ous O waves are inscribed in the unipolar leads registering left ven 
tricular potential variations (Fig. 60); if the QO wave is absent, th« 
tracing resembles that of interatrial septal defect. 


Eo t Ill 
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Fig. 60. Eisenmenger complex. There is right bundle branch block with unipolar 
morphologies of the right ventricle and right septal mass from V, through Vg. The 


complexes of the qrS type with positive T waves, belonging to the left ventricle, are 
inscribed in leads III and aVF. 





2. Signs of right ventricular hypertrophy: the registering of unipolar 
morphologies of the right ventricle in most precordial leads, up to V; 
and V¢; complexes of the Rs or R type in the right precordial leads. 
Also, as in tracings with right bundle branch block, the O wave is 
usually conspicuous in the unipolar leads of the left ventricle. 

3. Large isodiphasic complexes (similar to those observed in ven- 
tricular septal defect) from V; through V4 or V3. 


DEFINITION AND ELECTROCARDIOGRAPHIC CHARACTERISTICS OF THE 
MAIN CYANOTIC CONGENITAL HEART DISEASES 


Tricuspid Atresia 


This malformation is characterized by absence of the tricuspid 
orifice, interatrial septal defect, left ventricular hypertrophy, hypo- 
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plasia of the right ventricle, and sometimes ventricular septal defect. 
This malformation can be associated with transposition of the great 
vessels in which a ventricular septal defect is present with or without 
pulmonary stenosis. In the absence of transposition of the great 
vessels the pulmonary artery may be stenotic or atresic; in the latter 
the ventricular septum is closed. 


III 





| 





V4 





Fig. 61. Tricuspid atresia. There are left axis deviation and other signs of left ventric- 
ular hypertrophy. The P waves in lead II show 2 peaks, the first one higher than the 
second. 


Usual electrocardiographic signs in tricuspid atresia are as follows 
(Fig. 61): 

1. The P waves are broad, deeply notched, tall and peaked in the 
standard leads. The P waves in leads I and II usually show two peaks, 
and the height of the first peak is greater than that of the second. In 
the right precordial leads (V; and V2) the P waves are diphasic of 


the + — type. 
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2. Left axis deviation. It is classically admitted that the association 
of left axis deviation with cyanosis is suggestive of tricuspid atresia. 

3. Signs of left ventricular enlargement: incomplete left bundle 
branch block; delayed intrinsicoid deflection in V; and V¢; small R 
waves from V, through V, with high R waves in V; and Vg; secondary 
RS-T and T wave changes; and so on. 


Persistent Common Atrioventricular Canal 


There are two varieties of this malformation: total and partial. The 
total variety is characterized by persistence of the common atrioven- 
tricular canal, giving rise to a single “mitrotricuspid” valvular annulus 
and a ventricular septal defect, with a persistent foramen primum. 
The partial variety is characterized by a deep cleft in the aortic leaflet 
of the mitral valve with a persistent foramen primum. 

The usual electrocardiographic findings in persistent common 
atrioventricular canal (total or partial types) are as follows (Fig. 62): 





Fig. 62. Persistent common atrioventricular canal. There is right bundle branch 
block with left axis deviation and signs of biventricular hypertrophy. 
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1. Important voltage of the ORS complex in all leads. 

2. Signs of right ventricular hypertrophy: the R’ in the right pre- 
cordial leads is high. 

3. Signs of left ventricular hypertrophy: the left axis deviation and 
the tall R wave in the left precordial leads are suggestive of strong 
left ventricular forces. 

4. Right bundle branch block with left axis deviation. The left 
axis deviation is a consequence of the tall R waves in lead I and deep S 
waves in lead III. The strong forces of activation of the free left ven- 
tricular wall are paramount during the entire cardiac cycle. This type of 
tracing is also observed in ostium primum. 


Ebstein’s Disease 


This is a malformation concerned with the attachment of the 
tricuspid leaflets, and often an interatrial septal defect is present. The 
tricuspid leaflets descend from the annulus fibrosus intimately adherent 
to the ventricular endocardium; then the tricuspid orifice is displaced 
downwards. This gives rise to a huge right atrial sac formed by the 
original right atrium and part of the right ventricular cavity; on the 
other hand, the remainder of the right ventricular chamber, below 
the tricuspid orifice, is greatly reduced in capacity. 

Frequent electrocardiographic findings in Ebstein’s disease are as 
follows (Fig. 63): 

1. In the presence of sinus rhythm the P wave changes may be 
contributory signs: tall and peaked P waves with a slight slurring in 
both limbs. These changes are suggestive of important right atrial 
enlargement. Peaked and tall P waves may also be registered in sev- 
eral precordial leads. If at the same time the P waves are broad, con- 
comitant left atrial enlargement is suggestive. The degree of biatrial 
enlargement depends upon the atrial septal defect as well as the main 
congenital malformation. 

2. Frequent arrhythmias are atrial fibrillation and flutter; atrial and 
ventricular premature beats; paroxysmal atrial tachycardia. 

3. The presence of Wolff-Parkinson-White syndrome, type B, in 
a child’s tracing should suggest the possibility of Ebstein’s disease. 

4. First-degree atrioventricular block is a rather frequent finding. 

5. Right bundle branch block. The unipolar morphologies cor- 
responding to the left ventricle, in the presence of right bundle branch 
block (complexes of the qRS type with a broad and slurred S$ wave 
and positive T waves), are registered in several precordial leads (V3 
through Vg as an example). 

6. Unipolar morphologies of the right atrium, in the presence of 
right bundle branch block (qR complexes with slurring of the R 
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wave and negative T waves), may be observed in several right pre 
cordial leads (V; through Vs; or V4, for instance). This pattern is 
suggestive of an important right atrial enlargement (Fig. 63). 

7. If no right bundle branch block is present or if this is of a mino; 
degree, OR type of complexes with negative T waves (atrial potentia 


; 
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Fig. 63. Ebstein’s disease. There is right bundle branch block with complexes of the 
qR or qRs type (right atrial potential variations) registered from V; through V4. The 
P wave in lead II is high and peaked. 


variations) may be registered in several right precordial leads. We 
have seen instances in which this type of complex is present in all 


the precordial leads. In these cases a huge right atrial dilatation has 
been found. 


Fallot’s Tetralogy 


This truncoconal malformation® has four anatomic characteristics: 
(a) infundibular and valvular stenosis of the pulmonary artery; the 
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pulmonary infundibulum can even be aplastic with a reduced caliber 
of the trunk; (b) variable degrees of aortic dextroposition, the artery 
arising behind the crista supraventricularis and overriding a ventricular 
septal defect (sometimes the artery rises totally from the right ven- 
tricle); (c) a ventricular septal defect of variable size at the mem- 
branous portion of the septum; (d) right ventricular hypertrophy. 


iI Iti 





Fig. 64. Fallot’s tetralogy. The complexes in V1 are of the R type with negative T 
waves, but in V2 and V3 the complexes are of the rS type. The P waves are peaked 
in leads I and II (“P congenitale”’ ). 


Electrocardiographic signs of Fallot’s tetralogy are as follows (Fig. 
64): 

1. Peaked and tall P waves in leads I and II (“P congenitale’); 
sometimes in leads II and III. Diphasic P waves with predominance 
of the positive phase and with rapid inscription of its intrinsicoid 
deflection in the right precordial leads. 

2. Signs of right ventricular hypertrophy: tall R waves with com- 
plexes of the R (slurred at the onset of the upstroke), Rs or rR type 
in the right precordial leads. Small R waves with deep S waves in the 
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left precordial leads (in these instances an important hypertrophy of 
the middle and low portions of the free right ventricular wall is 
present). 

3. Complexes of the rS type in the right precordial leads suggesting 
that the precordial electrode is exploring the trabecular zone of the 
right ventricle (in these cases the ventricular hypertrophy is _pre- 
dominant in the basal region of the right ventricle around the crista 
supraventricularis). An abrupt change from complexes with Rs to rS 
complexes is frequently recorded from V; to Vz or V2 to V3. 

4. The T wave may be negative in V, and exceptionally so in other 
right precordial leads. In some instances the T wave is positive in all 
the precordials. This characteristic behavior of the T wave helps to 
establish the differential diagnosis from Fallot’s trilogy. When the 
T wave is negative in Vj, it usually becomes positive in V2 or V3. 


Fallot’s Trilogy 


The anatomic features of this malformation are interatrial septal 
defect and a truncoconal malformation® characterized by (a) pulmon- 
ary stenosis, predominantly valvular, and (b) right ventricular 
hypertrophy. 

The usual electrocardiographic findings in Fallot’s trilogy are as 
follows (Fig. 65): 

1. The P wave changes are similar to those described in Fallot’s 
tetralogy. 

2. The same signs of right ventricular hypertrophy as described 
above for Fallot’s tetralogy. Complexes with tall R waves are found 
in more precordial leads in trilogy than in tetralogy. On the other 
hand, complexes of the rS type in several right precordial leads are 
exceptionally observed in trilogy. Complexes of the OS, OrS or 1S 
type are frequently found in the left precordial leads (Fig. 65). 

3. Negative T waves, sometimes of the ischemic type, are common 
in several right precordial leads (this helps in establishing the differ- 
ential diagnosis from Fallot’s tetralogy). 

4. Medrano, from our Department of Electrocardiography, pointed 
out the following findings suggestive of Fallot’s trilogy: RS-T eleva- 
tion with a positive T wave in leads, I, aVL and less frequently V; 
and Vg; in the absence of RS-T displacement the T wave may be 
observed tall and peaked (Fig. 65). 


Transposition of the Great Vessels 


In this malformation the aorta emerges from the right ventricle in 
front of the crista supraventricularis; the pulmonary artery rises from 
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Fig. 65. Fallot’s trilogy. There are tall R waves with negative T waves from Vj, 
through V3. Complexes of the qrS type with positive RS-T displacement are inscribed 
in leads I and II and from V4 through V¢. 










the left ventricle. The two great vessels run parallel, the aorta being 
ventral. Right ventricular hypertrophy is present, and there may also 
be a ventricular septal defect, an interatrial septal defect and patent 
ductus arteriosus. 

Zuckermann, Cisneros and Novelo'® pointed out negative T waves 
of the “infantile type” in the left precordial leads, and positive T 
waves in the right precordial leads. These changes, although rare, are 
suggestive of transposition of the great vessels. 

Other T wave changes should be mentioned as contributory signs 
in the diagnosis of this malformation: 

1. When positive T waves are higher on the right than on the left 
precordial leads. 

2. Normal positive T waves in V; and V2 and flat T waves in V; 
and Vg. 

3. Notched T waves in the left precordial leads (Fig. 66). 











go2 ELECTROCARDIOGRAPHY IN INFANTS AND CHILDREN 


eh; ; 
LV V, 


Vs 
ii i 


Fig. 66. Transposition of the great vessels. The T waves are tall and peaked in the 
right precordial leads, while in the left precordial leads they show less voltage, and are 
notched besides. 


Ds 


















Common Trunk 


A single arterial truncus emerges from the heart, usually overriding 
a ventricular septal defect. From this common trunk the pulmonary 
arteries emerge either separately or together from a short common 
pulmonary trunk. 

The following are frequent diagnostic signs in common trunk 
(Fig. 67): 

1. Complexes of the qRS or qRs type in V; and V¢ are similar, but 
with lower voltage, to those observed in ventricular septal defect and 
in persistent common atrioventricular canal. 

2. The R waves remain high in all precordial leads. There are times, 
however, when complexes of rS type (belonging to the trabecular zone 
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Fig. 67. Common trunk. There are tall R waves in V; and V¢ with complexes of the 
rS type in V2 and V3. 


of the right ventricle) are recorded in one or two leads (V2, V3); in 
these cases the R wave recovers its height in the subsequent left 
precordial leads. 

3. The T wave may be positive in all the precordial leads (more 
often from V2 through V¢). In a few instances the T wave is negative 
in several precordial leads. At times the T wave shows notchings, in 
the left precordial leads, making the tracing similar to that described 
for transposition of the great vessels. 

4. High, peaked and symmetric T waves in leads I, II, Vs and Ve. 

The differential electrocardiographic diagnosis of common trunk 
must be established mainly with the group of Fallot’s malformations. 


Single Ventricle 


We cannot explain this malformation from the embryological point 
of view, and so we describe only the anatomic characteristics. These 
are a single ventricular chamber with which both atria communicate 
through well individualized atrioventricular orifices. The great vessels, 
usually transposed, emerge from the single ventricle with stenosis of 








904 ELECTROCARDIOGRAPHY IN INFANTS AND CHILDREN 


one of them (the pulmonary artery in most instances); other times 
as a common trunk, and seldom as individualized vessels with normal 
caliber and in the normal position. 

Electrocardiographic signs of single ventricle are as follows (Fig. 
68) : 

1. Left axis deviation. 





Fig. 68. Single ventricle. Left axis deviation. The complexes are essentially negative 
in all the precordial leads. 


2. The P waves are normal or with minor changes in the standard 
leads. 

3. Complexes of the rS or RS type in all the precordial leads. 

The electrocardiographic signs in this malformation are limited, 
owing to the lack of information about the sequence of the activa- 
tion process, and to the small number of tracings of single ventricle 
we have been able to study. 
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CARDIAC CATHETERIZATION 
IN INFANTS AND CHILDREN 


ABRAHAM M. RUDOLPH, M.D. 


GLEN G. CAYLER, M.D. 


Hccent rapid advances in the surgical management of congenital 
heart lesions have resulted in an increasing demand for accurate 
diagnosis of specific anomalies. The application of these operative 
techniques for palliative therapy or correction of congenital cardiac 
defects in infants and small children has necessitated diagnosis at 
a very young age in many instances. In view of the technical difh- 
culties and possible dangers anticipated in cardiac catheterization in 
infants, the tendency in many centers has been to study congenital 
heart lesions in this age group by means of venous angiocardiography 
or retrograde aortography. Although these techniques have been of 
great value in evaluation of the anatomic anomalies, they have been 
attended by some risks. Also, relatively little information was obtained 
about the size of septal defects, magnitude of shunts, degree of ob- 
struction, and other disturbances in the physiology of the circulation. 

In 1949 Cournand et al.? published one of the first descriptions 
of the use of catheterization in cardiac diagnosis. Ziegler** discussed 
the technique and value of cardiac catheterization in infants and 
children in 1954. The present report presents the advances in the 
cardiac catheterization techniques and their application to the evalua- 
tion of heart disease in infants and children. This report comprises 
the experience gained in catheterization of over 1250 patients, but 
particularly with 799 patients aged one day to 50 years studied in the 
last three years; 244 of these have been under three years of age. 


From the Department of Pediatrics, Harvard Medical School, and the Sharon 
Cardiovascular Unit, Children’s Medical Center, Boston, Massachusetts. 
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INDICATIONS 


The indications for cardiac catheterization in infants and children 
will vary greatly from one clinic to another. In spite of the small risks 
even in small infants, the procedure should not be performed for mere 
confirmation of clinical diagnosis. The specific situations in which 
cardiac catheterization should be considered are (1) evaluation of 
infants and children with significant symptoms and indefinite or 
inadequate diagnosis with a view to possible operation; (2) assessment 
of the size of defects and magnitude of shunts, and severity of obstruc- 
tive lesions; (3) postoperative studies in some instances to determine 
the success of the surgical procedure. 


PREPARATION OF PATIENTS 


The patients are routinely admitted to hospital at least one day 
before the date of catheterization for clinical, radiologic and electro- 
cardiographic evaluation. It has been felt advisable to delay catheteri 
zation study in the presence of acute illness, infection or untreated 
congestive cardiac failure. After maximal response to therapy has been 
obtained the study is performed. In no instance has cardiac catheteri- 
zation been refused on the basis of the severity of symptoms. 

Catheterization of the right side of the heart can be readily per- 
formed without general anesthesia in all age groups. General anesthesia 
has not been used in the last three years in this laboratory for right- 
sided heart catheterization. It is possible to maintain adequate seda- 
tion with precatheterization medication. Although so:r< patients are 
somewhat irritable and may cry at the beginning o: the procedure 
during infiltration of local anesthetic agents, these disadvantages are 
minor, and are greatly outweighed by the advantages of relatively 
stable physiologic status, and cooperation of the patient in expired 
air collection and exercise studies. Further, the whole procedure can 
be prolonged without the disadvantages or dangers of prolonged 
anesthesia. Morphine and barbiturate premedication has been used, 
but many children become nauseated, and some anxious; infants may 
suffer respiratory depression. A mixture containing Demerol, pro- 
methazine and chlorpromazine, given by intramuscular injection about 
one hour before the catheterization procedure, has been found to 
provide excellent sedation without depression. The mixture contains 
25 mg. of Demerol, 6.25 mg. of Phenergan and 6.25 mg. of chlor- 
promazine in each milliliter and is administered in doses of 1 ml. 
per 30 pounds of body weight, with a maximum of 2 ml. Infants under 
two months of age are given no premedication. Food is withheld for 
four to six hours before the procedure, but in infants prolonged 
withholding of fluids is considered unnecessary. Furthermore, if fluids 
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are restricted, the infants tend to be thirsty and irritable. The use 
of a pacifier and, in some cases, feeding a bottle with glucose water 
are of inestimable value in quieting a restless infant. 

The application of these principles in the precatheterization man- 
agement will usually result in a quiet patient, willing to cooperate with 
expired air collection and to perform mild exercise. Rarely, a child 
will be obstreperous, in which instance half of the initial dose of 
Demerol, Phenergan and Thorazine may be administered intra- 
venously, usually with a rapid sedative response. Patience, kindness 
and gentleness frequently allow for perfectly adequate studies in a 
frightened, uncooperative child. A Flexicast* restraining device for 
the legs has been a valuable adjunct in handling infants and small 
children. 

General anesthesia has been administered only to the infants and 
children subjected to left-sided heart catheterization. Immobility of 
the patient is essential, since struggling may result in excessive tearing 
of the pleura or lung. Small amounts of Pentothal Sodium were ad- 
ministered through the venous catheter, and anesthesia was then 
maintained with nitrous oxide and oxygen inhalation in association 
with relaxant drugs. 


INSERTION OF CATHETER 
Choice of Vein 


In children over two years of age the veins most commonly used 
are those in the right antecubital fossa, unless a specific indication 
to use a different vein exists. The veins of the right arm are used in 
preference to those of the left arm in view of the fairly frequent 
occurrence of a persistent left superior vena cava draining into the 
coronary sinus, in patients with congenital heart disease. Anatomic 
variation appears to be more common in cyanotic patients and imposes 
great difficulty in manipulating the catheter beyond the right atrium, 
particularly in children with relatively small hearts. Only rarely can 
the catheter be advanced to the pulmonary artery under these circum- 
stances. In children a fairly acute curve of the tip of the catheter is 
required to enter the pulmonary artery from the arm approach, and 
in general this is more readily attained by twisting the looped catheter 
in the right atrium from a right-arm approach than by attempting to 
pass the curved tip directly through the tricuspid valve from the left- 
arm approach. 

The median cubital or basilic vein and even the venae comitantes 
of the brachial artery may be used to insert the catheter. Not infre- 


* Picker X-Ray Co. 
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quently the median cubital or basilic vein is small, but a large brachial 
vein may be exposed alongside the brachial artery. 

In infants under two years of age the catheter is usually inserted 
via the saphenous or axillary vein. The saphenous vein in the groin 
(1 to 2 cm. below the inguinal fold) is almost always of adequate size 
to accomplish successful catheterization. Rarely, in the neonatal period, 
the saphenous vein may be exceedingly small, in which case it should 
not be disturbed. Under these circumstances the superficial femoral 
vein, located at the posteromedial aspect of the femoral artery, has been 
used with success. It is advisable to avoid using the common femoral 
vein, since ligation of this vessel results in circulatory changes (cold- 
ness, cyanosis) in the limb for several hours to days. However, no 
permanent ill effects have been observed in any instance. The approach 
from the saphenous vein is of special advantage in manipulation of 
the catheter through an atrial septal opening. In the great majority 
of infants under one year of age it is possible to pass the catheter 
through a patent foramen ovale or an atrial septal defect from this 
approach; this provides considerable information about the left atrium, 
left ventricle and pulmonary vein, all of which can usually be entered, 
in addition to that obtained from the right side of the heart. 

Saphenous venous catheterization has also been of great value in 
the study of certain cyanotic congenital heart lesions, particularly in 
those in which the origin of the major arteries is undecided. The 
foramen ovale is frequently patent in these patients, and the ability 
to pass the catheter to both left and right ventricles provides the 
opportunity for selective angiography from each chamber to delineate 
the origin of the great vessels. 

The main disadvantages of the saphenous approach are the dis- 
comfort in older patients, and the greater difficulty in manipulation of 
the catheter into the pulmonary artery. In older children, especially 
those with some obesity, dissection in the subinguinal region may be 
uncomfortable, since the vein is situated deep in the superficial fascia, 
on the fascia lata. There may also be some discomfort, with difficulty 
in walking, for one or two days. This approach also precludes study 
of the effects of leg exercise on circulatory dynamics. 

The axillary vein was first used for cardiac catheterization in infants 
to overcome the difficulties in entering the pulmonary artery from the 
saphenous approach. The right axillary vein is usually exposed for the 
same reasons that the right-elbow approach is used. With the arm 
abducted, a skin incision is made along the course of the axillary 
artery extending downwards from a point posterior to the insertion of 
the pectoral major muscle, for 1 to 1.5 cm. The deep fascia ‘is exposed 
and incised, and by careful blunt dissection the vein is located postero- 
medial to the brachial plexus. By gently separating the posterior and 
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medial cords of the brachial plexus, the axillary artery can readily be 
exposed in the groove posterior to the plexus. 


Size of Catheter 


The use of a stiff and large-diameter catheter has been stressed by 
most observers. Although this is often useful for manipulation in the 
large heart of an adult, it is not necessary or, in fact, advisable to 
insert a large, stiff catheter into the heart of infants. The use of a 
smaller and softer catheter in infants and children is often of con- 
siderable advantage. For this reason the Lehman type of aortographic 
catheters has been used routinely; in children a size 5 or 6 French 
and in infants a size 4 or 5 French is used. These catheters have a 
thinner wall and larger lumen than regular Cournand catheters, which 
creates the slight disadvantage of less definite visualization by fluoros- 
copy. In infants and children, however, this is not usually a problem, 
and even a size 4 French Lehman catheter is well visualized. The size 
4 catheter is usually used in 50-cm. length, the 5 in 80-cm. length, 
and the 6 in 100-cm. length. The shorter lengths of the smaller cathe- 
ters provide decreased resistance to blood withdrawal and allow for 
adequate frequency response in pressure recording. 

The softer catheters are advantageous in manipulating in the small 
heart of the infant. Since the cardiac chambers are small, it is often 
necessary to produce an acute curve on the tip of the catheter. With a 
soft catheter this can readily be performed by wedging the tip against 
the wall, and advancing the catheter until the required curve is 
produced. Curving of the tip is more difficult to produce with a firm 
catheter, and the manipulation is often accompanied by arrhythmias. 
The dangers of the use of stiff catheters in infants have been stressed 
by Keith, Rowe and Vlad.'® 

Although the smaller catheters are advised for exploration within 
the heart chambers, they are of disadvantage in selective angiography, 
since rapid injection of the radiopaque medium may be difficult. 
For this reason it may be of value to remove the exploring catheter 
and to insert a larger and shorter catheter for angiography. 


Arterial Cannulation 


Withdrawal of arterial blood and measurement of arterial pressure 
are important in diagnosis, as well as evaluation of the clinical condi- 
tion of the patient during the catheterization procedure. In older 
children and adults insertion of a needle into the radial artery is 
readily performed. In infants and young children a needle has usually 
been inserted percutaneously into the femoral artery in the groin. This 
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procedure creates anything but a stable state in an unanesthetized 
patient, and it is rarely possible to maintain the needle in position fot 
more than a few minutes. In a small infant it is often impossible 
to puncture an artery percutaneously. 

For these reasons it has been our practice to expose the artery at 
the site of the “cutdown.” Deep infiltration of the local anesthetic 
agent allows for easy exposure of the brachial, femoral or axillary 
artery. No discomfort is associated with the dissection; stay sutures arc 
passed under the artery to allow for more ready manipulation. The 
needle is inserted directly into the artery and may be left in position 


tk 


Fig. 69. Arrangement of catheter, arterial cannula, and pressure connecting tubing 
for right arm catheterization: (1) catheter, (2) arterial cannula, (3) intravenous 
drip, (4) catheter pressure line, (5) arterial pressure line. 


throughout the procedure with no discomfort to the patient. Depend- 
ing on the size of the artery, a size 18 to 22 needle may be used. In 
order to avoid clotting of small needles, coating the needle with a 
silicone resin preparation before sterilization is of value. Boiling the 
needle for one minute in a 1 per cent solution of Arquad 2 C* has 
been satisfactory. 

The arrangement of a venous catheter and arterial cannula with 
connection to a pressure-recording device is shown in Figure 69. 


EQUIPMENT 


The equipment essential for the catheterization procedure consists 
of a fluoroscopic control, an electrocardiograph monitor, and pressure 
recording apparatus. Details of the type of equipment available, or 


* Armour Laboratories. 
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recommended, will not be discussed except in terms of general sig- 
nificance. 


Fluoroscopic Apparatus 


The position and course of the radiopaque catheter is controlled by 
visualization on a fluoroscopic screen. Until recently a regular fluoro- 
scopic screen in a darkened room, and dark-adaptation of the observer, 
were necessary to visualize the radioscopic image. Fluoroscopic ex- 
posure has to be controlled, and, arbitrarily, this is usually limited to 
15 minutes. The amount of radiation received is, however, considerable. 

The use of an x-ray image intensifier is of inestimable value, par- 
ticularly in infants and children. By the use of a photomultiplier tube 
the x-ray image may be increased several hundred to several thousand 
times, providing an image which is visible in subdued light. The image 
may be viewed through a mirror system, but this creates the disadvan- 
tage that only one or two people can observe the procedure; in a train- 
ing center, this is a considerable drawback. The image may, however, 
be picked up by a television camera and be observed on a television 
screen, also in a room with subdued lighting. The advantages of the 
image intensifier are as follows: 


(1) The amount of radiation to the patient can be markedly reduced. In infants and 
children up to three years of age, % to ¥2 milliampere with 60 to 65 kilovolts provides 
excellent visualization. The radiation corresponds to about one-fifth to one-tenth of 
that usually used in regular fluoroscopy. The radiation is correspondingly small in 
older patients. This also provides greater leeway in the maximal fluoroscopic time 
allowed, and in a procedure with difficult manipulation this time may be more 
readily extended. (2) The radiation to the operator’s hands is reduced. In infants 
the catheter is manipulated from the groin or axilla, and the operator’s hands are 
much closer to the radiation field than when the maneuvering is at the elbow. The 
radiation to the hand has been reduced sevenfold to tenfold by the use of an image 
intensifier. (3) The fact that the room need not be darkened is of special import to 
infants and children. Many children, already frightened by being exposed to the pro- 
cedure, become terrified in the dark. The ability to visualize the x-ray image in subdued 
lighting has eliminated many of the problems related to repeated turning on and off 
of lights. Further, the total time taken for procedures has been reduced by avoiding 
delays associated with working in the dark. (4) As an aid to teaching and training, the 
image intensifier with television visualization is invaluable, since several persons can 
follow the procedure without difficulty. 


The main disadvantage of the image intensifier is that, at present, 
it is practical to use only a 5-inch viewer. This means that only a 5-inch 
circle of the patient’s chest may be visualized at any one time. In 
infants and younger children this is of no significance, because this 
area covers the whole heart. In larger children and adults, however, 
this area covers only a small segment, particularly in enlarged hearts. 
However, after some initial readjustment of the operator, little addi- 
tional inconvenience is caused by inability to view the whole chest 
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or heart at one time. It is necessary to move the fluoroscopic field to 
view different sections of the heart, but if one persists, it is unnecessary 
to use the large fluoroscopic screen in the vast majority of circum- 
stances, even in large adults. Principles other than of the photomulti- 
plier tube are being used to increase the x-ray image, and it is possible 
that a practical intensifier with a wider field will be available in the 
near future. 


Electrocardiographic Monitor and Pressure-Recording Apparatus 


Constant electrocardiographic monitoring of the rate and rhythm 
is of utmost importance, since serious arrhythmias may occur during 
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Fig. 70. View of a convenient arrangement for a cardiac laboratory: (1) television 
screen, (2) oscilloscope, (3) cinecamera, (4) television camera, (5) oscillographic 
recorder, (6) image intensifier. 








cardiac catheterization. Direct observation of the electrocardiogram on 
an oscilloscopic screen is a valuable adjunct, for the operator thus has 
an excellent view of the electrocardiogram and can be alerted, should 
the catheter be manipulated in an irritable area of the heart. Figure 
70 illustrates a convenient arrangement of the recording equipment 
and image intensifier as used in our laboratory. 

A two-channel oscillograph is considered the minimal recording 
equipment to record pressure and electrocardiogram simultaneously. 
Provision for recording pressure events at slow and rapid speeds is 
also desirable. A more complex system, either direct-writing or photo- 

















ABRAHAM M. RUDOLPH, GLEN G. CAYLER 915 


graphic, with four or more channels, may be used to record simul- 
taneous electrocardiogram, catheter pressures, arterial pressure, indica- 
tor-dilution curves, respiration, phonocardiogram or other phenomena. 
\n electronic selector switch is useful in allowing both eleetrocardio- 
graphic and pressure events to be observed simultaneously on the 
oscilloscopic screen. 

Many types of manometers for pressure measurement and recording 
are available. Simple saline or mercury manometers are of little value, 
since only mean pressures can be recorded, and have been super- 
seded by electronic transducers for measurement and recording of 
phasic pressure. The advantages and disadvantages of the various types 
will not be discussed. Important considerations in the choice of a 
pressure transducer are stability, ease of calibration, ease of zero 
measurement, adequate sensitivity, adequate frequency response, low 
volume displacement and ease of maintenance. In our laboratory the 
Statham P 23 D pressure transducer has been used with satisfactory 
results. 

The equipment mentioned is essential during performance of the 
catheterization. Additional equipment is necessary for measurement of 
oxygen saturation and, if desired, for indicator-dilution techniques 
and angiocardiography. 

Since a small but definite risk exists paren the procedure, it is con- 
sidered advisable to have available the equipment necessary for treat- 
ment of arrhythmias and for emergency resuscitation, including (1) 
instruments for thoracotomy and tracheal intubation; (2) external 
cardiac defibrillator and pacemaker; (3) oxygen, intravenous digitalis 
preparation, Pronestyl, vasopressor agents. 


MANIPULATION OF THE CATHETER 


Although the course and position of the catheter usually define 
the anatomy of the chambers and great vessels, it is important to 
confirm the fluoroscopic position of the catheter by pressure and blood 
oxygen saturation measurement. Although viewing the chest in an 
oblique or lateral projection may be valuable in differentiating different 
positions of the catheter, it is often difficult or inconvenient to move 
the patient during routine manipulation. For this reason it is advisable 
to observe constantly the height and contour of the pressure during 
catheter manipulation, and to withdraw blood for oxygen saturation 
measurement to confirm catheter position. 

Some of the more common and some unusual positions of the 
catheter are illustrated in Figures 71, 72 and 73. These figures also 
demonstrate the difficulties inherent in determining the position of 
the catheter from fluoroscopy alone. 
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Further advantages of correlating information obtained by fluoros- 
copy, pressure and saturation measurement are indicated in Figures 
74 through 77. 

In Figure 74 the catheter had entered the aorta while maneuvering 
for the pulmonary artery. Only by careful withdrawal could it be seen 





Fig. 71. Common catheter positions: (1) right atrium, (2) right ventricle, (3 
main pulmonary artery, (4) right pulmonary artery, (5) left pulmonary artery wedge 
position, (6) left atrium, (7) right pulmonary vein, (8) left pulmonary vein, (9) left 
ventricle through an atrial septal defect. 


that the catheter had crossed a ventricular septal defect and entered 
the left ventricle passing into the aorta. Figure 75 shows the catheter 
being withdrawn directly from the aorta to pulmonary artery through 
a patent ductus arteriosus. Figure 76 is a continuous tracing in a case 
of atrioventricularis communis in which the catheter was withdrawn 
from left atrium to left ventricle and then directly into right ventricle, 
thus proving the diagnosis. Figure 77 shows the change in pulmonar 
artery pressure from the right branch to the main pulmonary artery 
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caused by a distal stenosis. Only by correlating the observed position 
with the pressure changes could this area be localized. 

In a large proportion of cases correct maneuvering of the catheter 
allows for ready manipulation through atrial and ventricular septal 
defects and patent ductus arteriosus. Some aspects of catheter manipu- 














Fig. 72. Unusual catheter positions: (1) persistent left superior vena cava draining 
into coronary sinus; (2) right pulmonary artery entered from left superior vena cava; 
(3) left inferior pulmonary vein in complete transposition of the pulmonary veins; 
(4) azygos vein; (5) left pulmonary artery entered from the left ventricle in a case of 


tricuspid atresia; (6) right pulmonary artery in corrected transposition; (7) balloon 
catheter in left atrium; (8) catheter coiled in left atrium in a case of tricuspid atresia; 


(9) 2 catheters (right atrium and right pulmonary artery) for simultaneous sampling. 


lation are discussed below, but no description can outweigh the 
importance of practical experience with the catheterization technique. 
All manipulations of the catheter within the heart should be care- 
fully observed on the fluoroscopic screen. Blind manipulation can 
lead to tissue injury, arrhythmias and knotting of the catheter within 
the heart. 
Manipulation of the catheter into the pulmonary artery from the 
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Fig. 73. Aortic catheter positions: (1) right carotid artery through a ventricular 
septal defect; (2) ascending aorta through a ventricular septal defect; (3) right ca- 
rotid artery via a ventricular septal defect with corrected transposition; (4) descending 
aorta via patent ductus arteriosus; (5) descending aorta via patent ductus arteriosus; 
(6) descending aorta from left ventricle in a case of tricuspid atresia; (7) ascending 
aorta via aortopulmonary fenestration; (8) descending aorta via truncus arteriosus; 


(9) descending aorta via truncus arteriosus. 
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Fig. 74. Continuous pressure tracing during withdrawal of catheter from aorta to 
left ventricle to right ventricle through a ventricular septal defect and then manipu- 
lated into pulmonary artery. 
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Fig. 75. Continuous pressure tracing during manipulation of the catheter across a 
patent ductus arteriosus. The pulmonary artery is always traversed before the right 
ventricle is entered. 
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Fig. 76. Continuous pressure tracing in a patient with an atrioventricularis com- 
munis defect, showing that the catheter entered the left ventricle from the left atrium 
and then was withdrawn directly to the right ventricle from the left ventricle, thus 
proving the diagnosis. 
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Fig. 77. Continuous pressure tracing demonstrating mild peripheral stenosis of the pul- 
monary artery as the catheter passes from main to right pulmonary artery. 
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right-arm approach is easily accomplished in almost all cases by form- 
ing a loop in the right atrium with the tip against the lateral wall and 
then rotating the catheter so that the tip passes through the tricuspid 
valve. With this maneuver the catheter tip is then directed toward the 
right ventricular outflow tract, and it can then usually be readily 
advanced into the pulmonary artery. 

Manipulation of the catheter from the saphenous vein through an 
atrial septal defect or patent foramen ovale is readily performed by 
rotating the tip posteriorly and to the left in the right atrium. The 
catheter may then be manipulated into pulmonary veins by posterior 
rotation in the left atrium. The left ventricle is readily entered by 
producing a fairly acute curve in the left atrium and directing the tip 
downward and to the left. 

Some difficulty may be encountered in passing the catheter into 
the right ventricle from the saphenous approach. The entry may be 
achieved by producing a loop in the right atrium with the tip of the 
catheter wedged against the lateral wall, and then rotating the loop 
until the tip is freed. The tip usually then points forward and to 
the left in the right ventricle. Manipulation into the pulmonary artery 
may be accomplished by clockwise rotation and gentle withdrawal 
and advance until the tip points into the outflow, when the catheter 
may readily be advanced into the pulmonary artery. 

A patent ductus arteriosus may be traversed by manipulating the 
tip of the catheter to point posteriorly and slightly to the left in the 
main pulmonary artery. This is especially easily accomplished from 
the saphenous vein approach. Manipulation through a ventricular 
septal defect is also more readily performed from the saphenous vein. 
The catheter is rotated to point posteriorly and to the right in the 
body of the right ventricle and is then advanced; if a ventricular septal 
defect is traversed, the catheter will usually pass through the outflow 
of the left ventricle into the ascending aorta. Great care should be 
exercised in this manipulation because of the danger of arrhythmias 
when the catheter contacts the ventricular septum. If runs of ectopic 
beats are induced, the catheter should be rapidly withdrawn. 


METHODS OF STUDY 
Oxygen Saturation, Oxygen Content and Oxygen Capacity 


Measurement of blood oxygen saturation or content in the various 
cardiac chambers and great vessels affords information of the presence 
and level of shunts. Several methods of measurement are available. 
The standard and most reliable method, still used as a reference for 
other techniques, is the manometric method of Van Slyke and Neill** 
for measurement of oxygen content. The disadvantages of this tech- 
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nique, particularly in infants and children with congenital heart 
disease, are the relatively large volumes of blood required and the long 
period necessary for each determination. 

Direct oximetry by drawing a sample of blood from the catheter 
through a cuvette has been used to obtain rapid oxygen saturation 
measurements. Both spectrophotometric and reflectance methods have 
proved satisfactory.** *° These methods provide reliable differences in 
saturation, but for actual saturation measurements calibration against 
another technique is usually necessary. A satisfactory, rapid indirect 
spectrophotometric method on hemolyzed blood has been described 
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lig. 78. Correlation between spectrophotometric and gasometric (Van Slyke) analysis 
of blood oxygen saturation. 


by Gordy and Drabkin."! This is rapid, requires 1-ml. blood samples, 
and correlates well with the manometric method (Fig. 78). 

It is important to realize that all these methods measure the satura- 
tion of oxygen in hemoglobin and do not include dissolved oxygen 
in the plasma. Measurement of total oxygen content of the blood 
when high oxygen levels are present in inspired air has to be per- 
formed by the manometric method. 

In view of the variable saturations of venous blood from different 
parts of the body, the best mixed venous sample is obtained only at 
the pulmonary arterial level. Inferior vena caval saturations vary 
greatly at various levels in the vessel, and an exact sampling site is 
difficult to establish. Differences in saturations between the cardiac 
chambers in patients without shunts have been established for adults. 
In spite of the greater variation of clinical status of infants and 
children during catheterization there is no significantly greater varia- 
tion in oxygen saturation differences. 16 The minimal saturation 
changes which should be considered significant in diagnosis of left-to- 
right shunts are indicated in Table 1. The larger the number of 
samples obtained from each chamber, the greater the accuracy. 
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raBLe 1, Minimal Saturation Changes between Cardiac Chambers Indicative of 
Left-to-Right Shunts 





POSITION MINIMAL SATURATION INCREASE 
SETS OF SAMPLES 
1 2 3 
SVC-RA. 10 7 5 
RA-RV 7 5 3 
RV-PA. 5 3 3 


Infants and children are likely to show greater variations in oxygen 
capacity (directly related to hemoglobin level) than adults. In the 
neonatal period the oxygen capacity is normally high (20 to 28 vol- 
umes per cent), whereas in infancy it is normally decreased to levels 
of 12 to 16 volumes. This is of great importance in assessing the 
presence of shunts. Many laboratories use the difference in oxygen 
content rather than the oxygen saturation between the chambers for 


TABLE 2. Effect of Blood Oxygen Capacity on Oxygen Content Differences 





Oxygen capacity (volumes “).... 10 20 30 
Oxygen content at 50% saturation... . 5 10 15 
Oxygen content at 65% saturation... . 6.5 13 19.5 
Changes in volumes % oxygen for. 

15% change in oxygen saturation. . :.5 3 4.5 


evaluating the presence of a shunt. The oxygen content depends on 
changes in capacity as well as magnitude of shunt, and the problems 
in the use of oxygen content differences for assessing shunts are 
demonstrated in Table 2. 

Although oxygen saturation differences are valuable for indicating 
the presence of a shunt, they do not indicate its magnitude. For a given 
change in saturation the size of the shunt will depend on the initial 
level of mixed venous saturation and the saturation of the blood being 
shunted (Tables 3, 4). Similarly, for the same size of shunt, the 





TABLE 3. Effect of Pulmonary Venous Saturation én Calculated Left-to-Right Shunts 








SATURATION LEFT-TO-RIGHT SHUNT 

RA PA PV (% OF SYSTEMIC FLOW) 
98 100% 
62 80 89 200% 


TABLE 4. Effect of Systemic Venous Saturation on Calculated Left-to-Right Shunts 





SATURATION LEFT-TO-RIGHT SHUNT 
RA PA PV (% OF SYSTEMIC FLOW) 
60 70 98 36% 


70 80 51% 
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increase in saturation will be greater if mixed venous saturation is 
lower. This latter fact may be of value in demonstrating the presence 
of small left-to-right shunts by decreasing mixed venous saturation by 
exercise. Table 5 shows the rise in oxygen saturation difference at rest 


raBLE 5. Effect of Exercise on Right Atrial to Pulmonary Arterial Oxygen Saturation 
Differences in 5 Patients with Ventricular Left-to-Right Shunts 


RIGHT ATRIAL TO PULMONARY ARTERIAL SATURATION DIFFERENCE 





REST EXERCISE 
| ea : - 
6. . 8 
ae : 24 
. ae 
30 


and during exercise in five patients with ventricular septal defect, in 
which simultaneous samples were obtained from the right atrium and 
pulmonary artery. 

Double shunts are often difficult to evaluate by saturation data. Even 
though of less magnitude, the second rise in saturation often represents 
the larger shunt. This is due to the larger volume and the higher 
saturation of the blood to which the second shunt is added. This is 
demonstrated in Table 6. 


rABLE 6. Double Left-to-Right Shunt 





POSITION SATURATION LEFT-TO-RIGHT SHUNT ¢* o OF SYSTEMIC FLOW ) 
ATRIAL SHUNT VENTRICULAR SHUNT 
eve....... 60 
RA. ctcace 36% 
RV... > 45% 
. 98 





The calculations show that although the saturation increase at the first level is 
greater, the left-to-right shunt is smaller. 


Difficulty and confusion may result in evaluation of saturation data, 
owing to streaming effects and regurgitation. A 5 per cent increase in 
saturation from right atrium to right ventricle is not uncommon in 
uncomplicated atrial septal defects. A 2 to 3 per cent increase in 
saturation from right ventricular outflow tract to pulmonary artery is 
occasionally found with a ventricular defect alone. Tricuspid regurgi- 
tation in patients with ventricular defects occasionally produces sat- 
uration data suggestive of an atrial shunt. Pulmonary regurgitation in 
patients with patent ductus occasionally results in a 2 to 3 per cent 
increase in saturation in the right ventricular outflow tract, suggesting 
an accompanying ventricular defect; however, an increase in saturation 
in the body of the ventricle, which is usually found with ventricular 
defects, is not usually present. 
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Measurement of saturation of arterial blood is important in assess- 
ing the presence of a right-to-left (or veno-arterial) shunt. In un- 
anesthetized subjects a saturation less than 94 per cent is suggestive 
of arterial oxygen unsaturation. Many infants with congenital heart 
disease, some of whom have received no drugs whatever, have arterial 
saturations lower than this, and frequently the saturation is between 
85 and 90 per cent. This suggests the presence of a right-to-left shunt; 
in a large number of instances, however, measurement of pulmonary 
venous saturation by passing the catheter through a patent foramen 
ovale or atrial septal defect has shown similar unsaturation of pulmon- 
ary venous blood. This has suggested that there is inadequate oxy- 
genation due to a pulmonary factor. One method of evaluating the 
significance of a somewhat decreased arterial saturation level is to 
have the patient breathe 99.6 per cent oxygen. In the presence of a 
right-to-left shunt, dissolved oxygen in the plasma will be reduced, 
whereas if the unsaturation is on a pulmonary basis, the figure will 
usually be normal. The normal values for dissolved oxygen are 1.5 
to 2.0 volumes per cent.”® 


Oxygen Consumption 
Measurement of oxygen consumption is necessary if cardiac output 
is determined by the application of the direct Fick principle. It is 





Fig. 79. Use of an open circuit system for measurement of oxygen consumption in an 
infant during cardiac catheterization. 


usually possible to measure oxygen consumption in patients over five 
years of age by the use of a rubber mouthpiece. The Benedict Roth 
method* with a recording spirometer may be used, but this is not very 
suitable in younger children, and it also has the disadvantage that the 
patient breathes 99.6 per cent oxygen. The closed circuit method, 
with collection of expired air in a Douglas bag, is more readily appli- 
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cable in children. In smaller children and infants a mouthpiece is 
not tolerated. An open circuit method with the aid of a modified 
mask, and rapid flow of air through the mask, with collection of expired 
gas in a Douglas bag, has been developed for this age group (Fig. 79) .® 
Average figures for oxygen consumption under the conditions of cathe- 
terization are given in Table 7. 


raABLE 7. Average Resting Mean Oxygen Consumption at Different Ages 


AGE OXYGEN CONSUMPTION 
(ML. /MIN. /M?) 





0-3 months. . 160 

3 months-1 year. 200 
1 year-5 years. . 180 
5-10 years. . 160 
10-15 years. -. a 

15 years. 140 


Cardiac Output, Pulmonary and Systemic Blood Flow, Shunts 


The direct Fick principle may be used to calculate systemic and 
pulmonary blood flows from the equations: 


V Oo 
2 = SA Oo — MV Oo 
O*n— 


PV Os — PA Oo 


QO, represents systemic flow in liters per minute; O, represents pulmon- 
ary flow in liters per minute; V O, is oxygen consumption in milli- 
liters per minute; PV O, is oxygen content of pulmonary venous blood 
in milliliters per liter; PA O, is oxygen content of pulmonary arterial 
blood in milliliters per liter; MV O, is oxygen content of systemic 
mixed venous blood in milliliters per liter. Left-to-right shunt is indi- 
cated by Q, — Q,; right-to-left shunt by O, — Q,. 

If there is bidirectional shunting of blood, these calculations are not 
valid, and an estimate of shunts can be obtained by calculation of an 
“effective pulmonary flow.”* The equations for determining “effective 
pulmonary flow” and bidirectional shunts are as follows: 

——— 

"PV O2 — MV O2 
Left-to-right shunt = QO, — Qe» 
Right-to-left shunt = O. — Qep 

In order to obtain accurate flow measurements it is necessary to 
obtain blood samples for oxygen content and to measure oxygen con- 
sumption simultaneously during a steady state. A steady resting state 
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is often difficult to obtain in a small, anxious child. After several 
minutes’ preliminary trial period with the mouthpiece and tubing 
connected, a three-minute period of expired air collection is made. 
During this period simultaneous samples of mixed venous blood and 
systemic arterial blood are made. In patients with left-to-right shunts 
a blood sample in a chamber proximal to the left-to-right shunt and a 
sample from the pulmonary artery are necessary to calculate both the 
systemic and pulmonary flows. Insertion of a second catheter into 
either the right atrium or right ventricle through a brachial vein has 
been used for this purpose. In cooperative patients the effects of 
exercise on flows, shunts and pressures can be studied. A one- to two- 
minute period of preliminary exercise in order to reach a steady state® 
is followed by a 14-minute period of expired air collection and 
simultaneous blood sampling. After a five- to ten-minute rest period, 
flow determinations are again made during a so-called recovery state. 
An anxious patient will often be more relaxed and basal during this 
“recovery” period after exercise than during the initial resting period. 

Regardless of age and size of the subject, normal resting systemic 
cardiac output is 3 to 5 liters per minute per square meter (cardiac 
index). An output much higher than this usually indicates that a good 
resting state was not obtained. 

Cardiac output may be measured and shunts also evaluated by the 
use of indicator-dilution techniques. 


Indicator-Dilution Techniques 


Indicator-dilution techniques have come to play an increasingly 
important role in cardiac diagnosis. No attempt will be made here to 
cover all aspects of this technique. The reader is referred to the arti- 
cles of Nicholson et al.!® and Swan et al.?* Although various indicators 
have been recommended, the use of dyes which change the optical 
density of the blood for light of specific wavelength has received most 
attention. Evans blue dye (T1824—0.25 per cent) and indigo carmine 
(0.80 per cent) are used with a light source with a wavelength of 
620 to 640 microns. At 620 microns the optical densities of saturated 
and unsaturated hemoglobin are quite different, and hence the base 
line will usually show fairly marked respiratory changes in cyanotic 
patients, owing to changes in the ratio of saturated to unsaturated 
hemoglobin. This difficulty is not encountered with indocyanine green 
dye, which is detected with light with a wavelength of 805 microns. 
At this wavelength the optical density of saturated and unsaturated 
hemoglobin is essentially the same. Accurate quantitative analysis 
requires blood to be drawn through a cuvette, and changes in optical 
density are continually recorded. For qualitative analysis of indicator- 
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dilution curves, the changes in optical density at the ear lobe may be 
measured. 

The sites for injection of the indicator and the site of sampling will 
depend on the type of study. 

Carpiac Output. Indicator is usually injected into a_ peripheral 
vein, right side of the heart or the pulmonary artery and a peripheral 
systemic artery used for sampling for change in concentration. Cardiac 
output is calculated by the Stewart-Hamilton formula:'* 

____aaicator (mg-) x OO (sec.) _ 

Transit time (sec.) x mean concentration (mg./1.) 
Cardiac flow determinations in patients with left-to-right shunts can 
be made by using only the portion of the curve which precedes the 
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Fig. 80. Localization of a right-to-left shunt at the atrial level by dye dilution method. 








recirculation hump and plateau.!7 We have found this method satis- 
factory for determining the cardiac output during left-sided heart 
catheterization, when, because of anesthesia, it is difficult to use the 
Fick method. 

Ricut-ro-Lerr Suuntinc. Indicator-dilution techniques are often 
useful for determining the presence of a right-to-left shunt. By selective 
injections the site of the shunt can be determined as illustrated in 
Figure 80. Figure 81 shows the increase in right-to-left shunting during 
exercise in a patient with pulmonary arterial hypertension and a ven- 
tricular septal defect. . 

Lert-ro-Ricut Suuntinc. The presence of a left-to-right shunt can 
be determined and quantitated to a certain degree by indicator-dilu- 
tion techniques.'® °° Figure 82 compares a normal curve with a small 
recirculation peak to the curve from a patient with a large left-to-right 
shunt. The early and prolonged secondary hump giving a plateau to 
the descending limb of the curve is characteristic of a large left-to-right 
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Fig. 81. Increased right-to-left shunting during exercise demonstrated by dye dilution 
method. 
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Fig. 82. Normal and abnormal indicator-dilution curves. 


shunt. The lower curve is from a patient with a small left-to-right 
shunt as demonstrated by the early secondary hump and also a small 
right-to-left shunt characterized by the early hump on the upstroke of 
the curve. The introduction of indocyanine green has made it possible 
to inscribe dye dilution curves from the right heart chambers. This 
provides an accurate method of determining the level and magnitude 
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of left-to-right shunts by injecting dye into distal pulmonery artery 
and sampling from various levels in the right side of the heart. 
CenTRAL VotuME. The diluting volume between the site of injec- 
tion and site of sampling (central volume) may be determined by the 
following formula:'* 
Flow (ml./min.) x mean circulation time (sec. ) 
60 (sec.) 


SELECTIVE ANGIOCARDIOGRAPHY 

This technique using the image intensifier and cine-angiograms is 
described elsewhere in this volume (see p. 945) and will not be dis- 
cussed in any detail here. This is a valuable technique for defining 
the anatomy of the great vessels when these vessels are not entered 
by the catheter. It is of particular value for locating the origin of the 
great vessels in cyanotic patients. In these patients both right and left 
ventricular injections of contrast material are made. Figure 83 shows 





lig. 83. Selective angiocardiographs showing pulmonary artery filling from a left 
ventricular injection in a patient with transposition of the great vessels. 
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the pulmonary artery originating from the left ventricle in a case of 
transposition of the great vessels. Hypaque (90 per cent) used as the 
contrast material has given satisfactory results; no toxic effects have 
been noted with this drug. 


PRESSURE MEASUREMENT 


Continuous monitoring of pressure through the exploring catheter 
is of great assistance in determining the position of the tip. Phasic 
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Fig. 84. Fig. 86. 
Fig. 84. Pulmonary artery pressure tracings showing changes due to damping and 
artefact. 
Fig. 85. Overdamping of left ventricular tracing. 
Fig. 86. Artefactual high pressure in the left ventricle. 


pressure tracings are routinely recorded in all chambers and _ vessels 
entered. Mean or integrated pressures may be measured in the atria, 
great veins, and arteries either by planimetric or electrical integration 
of the pressure pulses. 

Although measurement of pressure through the long column of fluid 
in the catheter and connecting tubes, and movement of the tip of the 
catheter, introduce considerable artefact in the pressure tracing, the in- 
formation obtained is adequate. Critical damping of the system to 
decrease high frequencies greatly improves the recordings. The presence 
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of air bubbles, or partial obstruction due to clot, may produce over- 
damped tracings. These phenomena are illustrated in Figures 84 
through 86. 

Normal pressures in the various chambers have been established 
for adults. Less extensive information is available for pressures in 
normal infants and children.'* 18 It should be appreciated that in the 
first few weeks of life right ventricular and pulmonary arterial pres- 
sures tend to be somewhat higher than normal adult level;': 21 systemic 
arterial pressures are somewhat lower than adult figures. Figures for 
pressures in normal children as used in our laboratory are listed in 
Table 8. Only some of the features of pressure tracings of particular 
interest in children will be mentioned. 


TABLE 8. Average Normal Range of Vascular Pressure 


INFANTS AND CHILDREN NEWBORN PERIOD 





Right atrium. .‘“‘a’”’ = 3-7; “‘v” 
Right ventricle. .15-—30/2-5 : 
Pulmonary artery. .15—30/5-10 (m = 10-20) 35 = 25-40 
Pulmonary wedge. .“‘a” = 3-7: “v” = 5-15; m = 5-12 
Left atrium. .“‘a” = 3-7; “‘v” = 5-15; m = 5-10 
Left ventricle . .80—130/5-10 
Systemic artery . .90—130/60-90 (m = 70-95) 





Zero reference point—midthorax. 


< ”? “<9? 66.9? 


Atrial pressure tracings usually show the “a,” “c” or “v” type of 
pulsation, as demonstrated in Figure 87. In infants the atrial pres- 
sure pulse shows great variations with respiration, and respiratory 
variations may be large (10 to 15 mm. of mercury) in the dyspneic 
infant. In infants it is usually possible to measure left atrial and 
pulmonary venous pressures by passing the catheter through a foramen 
ovale. Great care should be exercised in positioning the catheter for 
left atrial pressure measurement. The left atrial chamber is small, and 
the tip of the catheter may be at the mitral valve, or it may abut on the 
atrial wall in the appendage. Continuous recording of mean pressure 
as the catheter is withdrawn from left to right atrium provides useful 
information about the pressure gradients between the atria (Fig. 88). 
In those instances in which the left atrium is not entered the pulmo- 
nary artery wedge (pulmonary capillary) pressure has been thought to 
reflect left atrial pressure.'* In infants with large left-to-right shunts 
pulmonary wedge pressure may be considerably elevated, and in nu- 
merous instances this has been found to reflect pulmonary venous 
pressure rather than left atrial pressure. Continuous pressure recording 
from pulmonary vein to left atrium has revealed a 5 to 10 mm. of 
mercury gradient favoring the pulmonary vein (Fig. 88). 

The contour as well as the height of the pressure pulses in the 
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Fig. 88. Pressure gradients between left and right atria. 
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Fig. 89. Normal right and left ventricular pressures. 
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ventricles provides useful information. Figures 89, 90 and 91 demon- 
strate some of the features of normal and abnormal ventricular pres- 
sures. Continuous recording of pressure during slow withdrawal of the 
catheter from the pulmonary artery to the body of the right ventricle 
is valuable in demonstrating the presence and the level of stenosis of 
the pulmonary valve or infundibular region of the right ventricle (Fig. 


mm. Hg. 
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200 


tam. Hg. 





P.S. WITH INTACT SEPTUM 


Fig. 90. Pulmonary stenosis with intact ventricular septum, showing pyramidal type 
of curve contrasted to the plateau type of curve in tetralogy of Fallot. 
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Fig. 91. Right ventricular pressure tracing in a patient with constrictive pericardial 
disease, showing the characteristic high plateau diastolic pressure. 


92). In severe pulmonary valvular stenosis a negative dip in pressure is 
observed when the tip of the catheter is located just beyond the 
pulmonary valve (Fig. 93). This phenomenon is due to the negative 
pressure created by the rapid flow of blood past the catheter tip, pro- 
ducing a suction effect. Arterial pressure tracings may show changes 
of contour characteristic of specific defects (Fig. 94). The narrow pulse 
pressure, delayed upstroke and anacrotic notch seen in adults with 
aortic stenosis are not common in children. A rapid upstroke and wide 
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Fig. 92. Withdrawal of the catheter from pulmonary artery to right ventricle in a 
patient with severe infundibular stenosis. The level of the systolic pressure changes 
varies little from pulmonary artery to the infundibulum, but the diastolic contour in the 
infundibulum resembles the ventricular diastolic pressure. 
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Fig. 93. The negative pressure effect during systole recorded with the catheter just 
beyond the pulmonary valve in a patient with severe valvular pulmonary stenosis. 


pulse pressure, commonly observed with aortic insufficiency, are not 
unusual in children with peripheral vasodilatation and high cardiac 


output. 


LEFT ATRIAL AND VENTRICULAR PUNCTURES 


Evaluation of mitral and aortic stenosis requires the measurement 
of left atrial, left ventricular and systemic arterial pressures. In, those 
children in whom these chambers cannot be catheterized through a 
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Fig. 94. Normal and abnormal peripheral arterial pulse tracings. 


foramen ovale, the pressures may be measured by the technique of left- 
sided heart catheterization. The technique of left atrial puncture via 
a bronchoscope? is certainly not advised in children in view of the 
small bronchi. Direct needle puncture through the chest wall is prefer- 
able,*»® and 50 infants and children have been subjected to this 
procedure in our laboratory. 

A right-sided heart catheterization is performed by the usual tech- 
nique. ‘The catheter is left in position in the pulmonary artery, and 
the patient is then anesthetized. For evaluation of aortic stenosis alone, 
particularly in the presence of a small left atrium, direct puncture of 
the left ventricle is advised. A small polyethylene catheter may be 
threaded through the needle and advanced into the aorta. If a mitral 
valve gradient is also suspected, left atrial puncture is necessary. The 
patient is placed in the prone position, and after inserting the needle 
a polyethylene catheter is manipulated into the left atrium and 
ventricle. 

Pressures are measured simultaneously in the left ventricle and 
systemic artery or aorta to evaluate the gradient across the aortic 
valve (Fig. 95). Since peripheral arterial pressure tracings may not 
reflect the pressure in the aorta, aortic pressure may be recorded by 
insertion of a small catheter through the artery to the ascending aorta. 
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The evaluation of mitral stenosis requires the measurement of left atrial 
and left ventricular pressures, preferably simultaneously (Figs. 96, 97). 

Cardiac output determinations during left-sided heart catheterization 
in children have been made by dye-dilution techniques; the direct 
Fick method is difficult to apply to the anesthetized patient. Measure- 


Fig. 95. 
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Fig. 95. Systolic gradient from left ventricle to brachial artery in a patient with 
severe aortic stenosis. The phonocardiogram shows that the maximal murmur occurs 
at the time of maximal pressure gradient and flow. 

Fig. 96. Simultaneous recording of left atrial and ieft ventricular pressures in a 
patient with congenital mitral stenosis. 





ment of cardiac output at the time of pressure recordings is important 
in assessing the degree of valvular obstruction (vide infra). 
Catheterization of the left ventricle and occasionally the left atrium 
has been possible by passing a catheter into the aorta from a femoral 
or right brachial artery (P. Vlad: personal communication). This has 
not, however, been of much value in evaluation of aortic stenosis, since 











ABRAHAM M. RUDOLPH, GLEN G. CAYLER 937 






























D.M. ¢ gees ae 
melee LAA ie ||| hii 
CLE TT eee ae av eeel\eee 
20) = | i j 5 a ae | f Coo iw 
BEFORE !0- | Coo eee PJSERNODGEERNE | 
} Sexretceren } = oe i ae oe | LL TH 
mm Hg aes eee Ss» a os | | i + 4 J} ac thd 
MITRAL 
VALVULOTOMY 











in a patient with congenital mitral stenosis. 


in the presence of this lesion it has been difficult to enter the left 
ventricle. 


VALVE AREA CALCULATION 


Gorlin and Gorlin'? have derived formulas for calculation of the 
atrioventricular and semilunar valve areas. Although these calculations 
may not represent exact anatomic measurements, they are useful in 
that they take into account the pressure gradient across the valve, 
as well as the blood flow. A large pressure gradient reflects, of course, 
a severe degree of stenosis. With a moderate gradient, however, the 
amount of blood flowing across the valve at the time of pressure 
measurement is of great importance. Thus for a given pressure gradient 
the valve area will be greater, the larger the flow across it. 


VASCULAR RESISTANCE 


The cross-sectional area of the pulmonary vascular bed is of great 
importance in evaluating patients with certain congenital heart lesions 
for surgery. The presence of decreased diameter of the small vessels 
introduces a complicating factor in the decisions to subject these 
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patients to operation. No accurate methods of measuring the cross- 
sectional area are available, but rough estimates of relative areas may 
be obtained from a calculation of vascular resistance to blood flow. By 
the use of a simplified Poisseuille equation the resistance to blood 
flow across a vascular bed may be calculated. It is important to ap- 
preciate that many assumptions are made in this calculation and that 
only major changes should be regarded as significant. Also, vascular 
resistance will be affected by the degree of distention of the vessels, 
which will affect vascular tone. 

The calculations for pulmonary and systemic vascular resistance are 
as follows: 


DA acs 
= SA—EV expressed as mm. Hg/L./min. (resistance units ) 


R, represents pulmonary vascular resistance; PA mean is pulmonary 
artery mean pressure in millimeters of mercury; PV mean is mean 
pulmonary venous or pulmonary wedge pressure in millimeters of 
mercury; O, is pulmonary flow in liters per minute; R, is systemic 
resistance; SA is systemic arterial mean pressure in millimeters of 
mercury; RA is right atrial mean pressure in millimeters of mercury; 
Q, is systemic flow in liters per minute. The resistance may also be 


expressed as dyne-seconds per cm.5 by the use of the following formula: 


R, =< PAPV mean pressure mm. Hg x 960 x 1.36 x 60 
QO, ml./min. 

Normal values of pulmonary vascular resistance for adults are 1 to 
3 units, or 100 to 250 dyne-seconds per cm. Values for infants and 
children are considerably higher. However, if resistance is calculated 
using the indexed flow rather than actual flow, the figures for resistance 
are similar for all age groups. It seems reasonable, therefore, to use 
millimeters of mercury per liter per minute per square meter for all 


comparative data. 


MORBIDITY AND MORTALITY OF CARDIAC CATHETERIZATION 


The actual mortality and morbidity depend, in some measure, on 
the type of patient studied. In some laboratories the catheterization 
procedure is performed for cardiac output determination and pressure 
measurement in patients without severe heart disease. In this group 
the risks are obviously considerably lower than in sick infants. The 
average mortality in infants and children is about 0.5 to 1.0 per 


7 


cent.1* 22, 27 In our series of patients there has been one death directly 
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related to the catheterization procedure. This occurred in a six-week 
infant with a hypoplastic aorta, distal patent ductus arteriosus and 
severe pulmonary vascular disease, who expired after the induction of 
ventricular fibrillation during manipulation of the catheter in the right 
ventricle. In one other patient the catheterization procedure may have 
contributed to death. A 12-year-old girl with primary pulmonary vascu- 
lar disease, in severe congestive failure, had hypotension two to three 
hours after an uneventful study. She responded well to vasopressor 
agents, but succumbed the next day. 

The chief risks of the procedure are arrhythmias, pulmonary valve 
obstruction, hypotension, embolization, infection and pyrogen reaction 
and knots in the catheter. The risks are greater in patients with the 
following conditions: congestive failure, severe cyanosis, pulmonary 
vascular obstruction, Ebstein’s anomaly and acute myocarditis. 


Arrhythmia 


A few atrial or ventricular ectopic beats occur during almost every 
catheterization procedure. It is unusual for the ectopic beats to persist 
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Fig. 98. Paroxysmal supraventricular tachycardia which occurred during manipulation 
of the catheter into the pulmonary artery. 


if manipulation of the catheter is stopped or the catheter is withdrawn 
from the sensitive area. 

Supraventricular tachycardias are the next commonest type of ar- 
thythmia during catheterization. Paroxysmal atrial tachycardia is not 
unusual, and, rarely, atrial flutter and fibrillation have also been ob- 
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served. Paroxysmal tachycardia is usually not of great significance 
and stops spontaneously after a few minutes. Eyeball pressure may 
revert the arrhythmia to sinus rhythm (Fig. 98). Persistence of the 
rapid rhythm may result in a fall of systemic arterial pressure, and 
fairly rapid digitalization is then advised. 

Runs of ventricular ectopic beats are prone to occur when the cathe- 
ter is maneuvered in the region of the ventricular septum. Short bursts 
of ventricular tachycardia may also occur. Rapid withdrawal of the 
catheter fortunately results in cessation of the arrhythmia, but the dan- 
ger of ventricular fibrillation as a result of the stimulation of the septum 
certainly exists. 

Disturbances of atrioventricular conduction are not uncommon. 
Usually this presents as a first-degree atrioventricular block, but occa- 
sionally partial and, rarely, complete heart block occurs. Should heart 
block be induced, the catheter should be rapidly withdrawn, and in 
most instances a reversion to normal sinus rhythm occurs within a 


















few minutes. 








Hypotension 





Systemic hypotension during or following cardiac catheterization is 
not common with the type of medication used in our laboratory. 
However, moderate hypotension may occur, and this is particularly 
serious in patients with primary pulmonary vascular obstruction in 
whom the hypotension may interfere with coronary perfusion, resulting 
in right ventricular failure. In cyanotic patients with severe pulmonary 
stenosis systemic hypotension may result in reduction of pulmonary 
blood flow and severe anoxia. A persistent decrease in blood pressure 
should be treated by the use of vasopressor agents. 















Pulmonary Valve Obstruction 





In patients with severe pulmonary stenosis and a right-to-left shunt 
a sudden decrease in systemic arterial saturation with evidences of 
cerebral anoxia may occur when the catheter is passed through the 
pulmonary valve.?° The catheter should be immediately withdrawn if 
signs of impending cerebral anoxia, first manifested by restlessness and 
irritability, occur. 














Infection, Pyrogen Reactions 






Generalized infections have not been encountered and can be 
avoided by careful sterile technique. Occasional mild pyrexial reactions, 
probably due to pyrogens, have been observed. 
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Embolism 

Embolism due to injection of air or clots has not been encountered 
in our studies. This is, however, possible, but can be prevented by 
careful technique in injection of fluids, and avoidance of forceful in- 
jection into an occluded catheter. The possibility of cerebral embolism 
in patients with a large right-to-left shunt exists if air bubbles or blood 
clot is released into the venous circulation. Pulmonary embolism was 
encountered in a patient with Chiari’s disease in whom an in- 
ferior vena caval thrombus was disturbed during the catheterization 


procedure. 


Knotting of the Catheter 


Knotting of the catheter is a rare complication which usually occurs 
when a large double coil is made in the right atrium and the loop is 
then withdrawn. This has been avoided in our laboratory by careful 
observation to prevent double loops of the catheter. If this compli- 
cation occurs, it may be managed by thoracotomy and removal of the 
catheter after cutting it at the peripheral vein. 


SUMMARY 


1. The indications for cardiac catheterization in congenital heart 
disease are discussed. 

2. The equipment required for the procedure is discussed. The 
techniques and methods used are described with special reference to 


infants and children. 
3. The importance of cardiac catheterization as a means for evalu- 


ating the physiological changes associated with congenital heart disease 
is emphasized. 
4. The dangers of the procedure are discussed. 
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CINE-CARDIO-ANGIOGRAPHY 


F. MASON SONES, JR., M.D. 


The ultimate technical diagnostic objective of the physician responsi- 
ble for the care of patients with congenital heart disease is to develop 
techniques which will provide (1) complete and precise anatomic 
demonstration of any defect, or combination of defects, that may be 
encountered in these patients; and (2) dependable objective measure- 
ment of the functional stresses imposed on the heart and circulation 
by any potential combination of lesions. If these goals could be safely 
and routinely attained for all patients with cardiovascular malforma- 
tions, regardless of age, body mass or apparent incapacity, the intelligent 
and timely use of appropriate medical and surgical treatment would 
be greatly improved. 

The recent development of fluoroscopic image amplification has 
made it possible to combine the essential features of heart catheteriza- 
tion with an improved technique for contrast visualization of the 
central circulation which may best be described as selective cine- 
cardio-angiography. The potential diagnostic scope of this technique 
has yet to be completely explored, but present experience makes it 
possible to state that the combined procedure may be applied safely 
to the study of cardiovascular malformations in infants and children 
with better diagnostic accuracy than has ever before been possible. 


SELECTION OF PATIENTS FOR STUDY 


Since July, 1955, 623 patients have been studied by combined heart 
catheterization and selective cine-cardio-angiography. They were pa- 
tients in whom a congenital cardiovascular malformation was suspected, 
but in whom an exact and complete diagnosis could not be unequiv- 
ocally stated on the basis of history, physical examination, fluoros- 
copy and electrocardiographic study. They ranged in age from four 
days to 63 years, and in weight from 5 to 187 pounds. No patient 
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was refused diagnostic study because of small body mass, age or critical 
functional status. A deliberate effort was made to complete the study 
at the earliest possible moment in those infants who appeared most 
likely to die of lesions causing severe hypoxia or the early development 
of myocardial insufficiency. When severe congestive heart failure was 
present, the study was postponed until appropriate therapy resulted 
in clearing of congestive manifestations, or until obvious progressive 
improvement failed to occur. Failure to improve with anticongestive 
therapy was regarded as an indication for immediate completion of 
the diagnostic study rather than a legitimate cause for further post- 
ponement. 

It has long been our belief that failure to achieve an adequate diag- 
nosis presents a greater hazard to infants with severe malformations 
than does the prompt utilization of the best available diagnostic 
methods.* Although many children who die in the first year of life 
prove to have complex lesions beyond the scope of modern surgical 
treatment, a significant number have lesions that are curable or subject 
to effective and lifesaving palliation.’:? In the first months of life it 
is particularly difficult, in the majority of patients, to achieve correct 
anatomic diagnosis on the basis of routine clinical methods of exami- 
nation. It is, for example, usually impossible to distinguish between 
an interventricular septal defect and a large patent ductus arteriosus. 
A truncus arteriosus or complete transposition of the great vessels is 
often mistaken for a variant of tetralogy of Fallot. Valvular pulmonic 
stenosis with intact ventricular septum, requiring pulmonary valvu- 
lotomy, is confused with tetralogy of Fallot, leading to ill-advised 
shunt procedures, which make these patients worse. 

Despite the frequency of these problems, many respected authorities 
in the field of pediatric cardiology continue to express great concern 
over the potential hazards involved in heart catheterization and angio- 
cardiographic study in the infant group. The fears are deeply rooted 
in remembrance of tragedies which occurred during the early develop- 
ment of these techniques, and are reinforced by occasional preventable 
accidents, which are usually the result of poor laboratory procedure. 
It is still widely believed that cardiac catheterization or angiocardio- 
graphic study should be deferred until the age of two to six years, and 
should thereafter be reserved only for “inoperable” or “frankly ques- 
tionable” patients. The infinite variety of combinations in which 
congenital lesions may coexist in the central circulation leads one 
to the conclusion that the vast majority of patients fall into the 
“questionable” group. Physical examination, careful fluoroscopy and 
electrocardiographic study will, in most instances, permit only the 
establishment of an intelligent differential diagnosis. The objective 
of complete anatomic diagnosis, which has become vastly more im- 
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portant since the advent of open heart surgery, simply cannot be met 
with dependable consistency by the utilization of these procedures in 
the majority of problems encountered. The only prominent exceptions 
to this are patients with typical uncomplicated patent ductus arteriosus 
or coarctation of the aorta. Motivated by this philosophy, we have 
studied the majority of patients with undiagnosed congenital heart 
lesions by the technique to be described. 


EQUIPMENT 


A 5-inch image amplifier* has been used for fluoroscopic observa- 
tion of the catheter during intracardiac manipulation, and for high- 


Fig. 99. During intracardiac catheter manipulation the fluoroscopic image is con- 
veniently observed on a television screen (A) in a well illuminated room. Image 
brightness is increased more than 1000 times by the image amplifier (B). The “ampli- 
fied” image is photographed with a television vidicon camera (C) mounted above 
the image amplifier. 


speed motion picture photography during simultaneously performed 
contrast studies. The amplifier increases the brilliance of a fluoroscopic 
image by more than 1000 times. This increase in brightness makes it 
possible to record the image permanently with a motion picture 
camera. For routine studies an electrically driven 35 mm. camera, 
equipped with an f 2.0 lens, has been used to make photographs at 
a rate of 54 frames a second, with individual frame exposures of 9.2 
milliseconds. A specially designed 16 mm. camera with an f 0.95 lens 


* North American Philips Company, Incorporated, 525 West 52nd Street, New 
York, New York. 
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is also being used for research applications, which permits x-ray motion 
picture photography at a maximum rate of 233 frames a second, with 
individual exposures of 2.35 milliseconds. Permanent records of the 
passage of contrast medium through the central circulation, recorded 
at high speeds on 35 or 16 mm. film, are then studied in “slow motion’ 
or as single pictures, using either a motion picture editing machine o 
a motion picture projector. They may be projected to a size of 4 by ¢ 
feet with excellent preservation of detail. 

During the study convenient observation of the fluoroscopic imagc 
by all members of the catheterization team is accomplished in a well 





Fig. 100. Television (A) and 35-mm. motion picture (B) cameras are fixed on a 
sliding mount (C) above the image amplifier (D). This allows for rapid shifting 
between television fluoroscopy and permanent optical motion picture photography 
whenever desired during heart catheterization and cine-angiocardiography. 


lighted room by the use of a small and inexpensive television camera,* 
which photographs the amplified image and transmits it by coaxial 
cable to a conveniently placed television receiver (Fig. 99). 

The television and motion picture cameras are permanently mounted 
above the image amplifier on a sliding mount, so that the change from 
television fluoroscopy to permanent optical photography can be ac- 
complished at any time during the procedure in less than 10 seconds 
(Fig. 100). 

During motion picture photography (Fig. 101) the image being 
photographed is observed by the operator through an optical periscope. 
The ability to see the contrast medium as it passes through the heart 
my Television Division, Thompson Products, 635 East 185th Street, Cleveland 

> 10. 
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usually makes it possible to determine immediately whether or not an 
injection has demonstrated the lesion in question, and guides intelli- 
gent selection of any further injection sites and projections that may 
may be required for complete identification of coexisting defects. It is 
also possible to recognize immediately the fact that contrast medium 
is not following the course anticipated during an injection, because of 
improper position or recoil of the catheter tip in the heart. This makes 
it possible to stop an injection before a full dose of dye has been used 
whenever such an occurrence makes this desirable. This element of 
immediate observation and control was not possible in previously 
described angiocardiographic techniques, and with increasing experi- 





M1 i , We’ i”) 
_ Fig. 101. During optical motion picture photography the image being photographed 
is studied by the operator through a periscope viewer (A). This permits observation 
of the passage of contrast medium through the area being photographed at the moment 
it is injected. 


ence it materially adds to the safety and successful execution of the 
procedure. 

In addition to the special x-ray and photographic facilities described 
above, the equipment required is that used in the routine performance 
of cardiac catheterization. Intracardiac pressures are measured with 
Statham pressure transducers. Pressure and electrocardiographic tracings 
are permanently recorded photographically with a Cambridge multi- 
channel recorder. Constant monitoring of the electrocardiogram and 
pressure records during the procedure with an oscilloscope permits 
instant recognition of any change in heart rhythm and aids in defining, 
at any moment, the location of the catheter tip in the heart. Prompt 
recognition of intracardiac shunts is facilitated by the use of a Wood 
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Cuvette Oximeter, and quantitative blood oxygen determinations for 
calculation of blood flows in the pulmonary and systemic circulations 
are made by Van Slyke blood gas analysis. 


TECHNIQUE 


The technical performance of heart catheterization has often been 
described. It is generally accepted that, by measurement of blood oxy- 
gen content and pressure in the venae cavae, right heart chambers 
and pulmonary vessels, it is usually possible to recognize the location 
of septal defects and obstructions to the normal flow of blood through 
the heart. The method has been “routinized,” and, as widely practiced, 
has become no more than the hurried mechanical collection of specific 
data from the right side of the heart and pulmonary artery, to be 
assessed in the light of recognized “normal standards.” Such an ap- 
proach sharply limits the possibility of successful diagnosis in the 
more complex problems encountered, and often leads to inadequate or 
mistaken conclusions in the face of relatively simple defects.* 

The objective of heart catheterization should be the most complete 
exploration of the central circulation possible within the limits imposed 
by the individual anatomic problem being studied. The actual conduct 
of the procedure will vary greatly from one patient to another, depend- 
ing upon the individual problem and upon the diagnostic possibilities 
previously considered in the light of clinical findings. 

Preliminary sedation is given one hour before the patient is brought 
to the laboratory. This consists of morphine sulfate in intramuscular 
doses of 1 mg. per 10 pounds of body weight, and phenobarbital 
sodium in doses of 1 grain per 10 pounds of body weight. Regardless 
of body mass, the largest dose of morphine given is 8 mg., with a 
maximum of 3 grains of phenobarbital sodium. The use of general 
anesthesia, tracheal intubation and curare-like drugs to “control” respi- 
ration is unnecessary, and constitutes a greater hazard to these patients 
than does intracardiac catheter manipulation or the injection of con- 
trast medium. 

The saphenous and superficial femoral veins and the superficial 
femoral artery are exposed under local anesthesia with 1 per cent 
procaine hydrochloride. In tiny infants it is often necessary to cathe- 
terize the superficial femoral vein because the saphenous vein is 
too small to admit the catheter tip. At the conclusion of the pro- 
cedure the vein is sutured in continuity to preserve its lumen. In no 
patient has there been subsequent evidence of venous insufficiency in 
the leg. Ascending thrombosis of the inferior vena cava has not been 
encountered, and there have been no embolic complications. 
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The catheter is passed up the inferior vena cava, through the right 
atrium into the superior vena cava. The innominate veins are ex- 
plored. Rapid serial measurements of blood oxygen content are made 
with the cuvette oximeter in the superior cava above and below its junc- 
tion with the azygos vein, in at least three positions in the right atrium, 
and in the inferior cava immediately below the diaphragm. The cathe- 
ter tip is passed across the tricuspid valve, and similar blood oxygen 
determinations and pressure measurements are made in the right 
ventricular outflow tract, apex and inflow tract. 

In most patients it is not difficult to pass the catheter into the 
pulmonary artery from the right ventricle. When this can be done 
easily, pressure and blood oxygen measurements are made in the main 
pulmonary artery trunk and in one or both of its main branches. The 
area Of the bifurcation of the pulmonary artery is carefully explored 
in all patients with pulmonary hypertension in an effort to demon- 
strate a possible communication between the aorta and pulmonary 
artery. The catheter is then withdrawn across the pulmonary valve into 
the right ventricular outflow tract during continuous pressure measure- 
ment. Any systolic pressure gradient, and its point of occurrence, are 
noted by simultaneous observation of the television screen and the 
pressure tracings on the oscilloscope. 

When these measurements have been made, or if a reasonable 
effort to catheterize the pulmonary artery has proved fruitless, the 
catheter is withdrawn to the right atrium. 

The atrial septum is then carefully explored with the catheter tip. 
In more than 50 per cent of the patients with congenital heart disease 
reported in this series an atriai septal defect or a patent foramen ovale 
has permitted catheterization of the left atrium, and in most of these 
the left ventricle and one or more pulmonary veins. This is accom- 
plished by an inferior caval approach to the heart. It is rarely possible 
with a superior caval approach. Pressure and blood oxygen measure- 
ments are made in the left atrium and a pulmonary vein. The left 
ventricle is then catheterized by way of the mitral valve. 

The left ventricle tolerates the presence of the catheter tip with no 
greater hazard to the patient than is imposed by its introduction into 
the right ventricle. A few premature beats occur as the tip is directed 
across the mitral valve from the left atrium, and occasionally when 
it is pushed too forcibly into the left ventricular wall. This is immedi- 
ately recognizable on the continuously monitored electrocardiogram, 
and is corrected by slight withdrawal of the catheter tip until the 
abnormal beats subside. In more than 200 patients in whom the left 
ventricle has been catheterized by this technique there have been no 
complicating arrhythmias. 
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Based on an immediate appraisal of the pressure measurements, 
blood oxygen determinations and physical exploration of the heart as 
described above, a “physiologic” diagnosis is made. The further object 
of the procedure is the precise demonstration of the lesion or combi- 
nation of defects which might be responsible for any physiologic 
deviations encountered, by selecting specific locations for the injection 
of contrast medium. An attempt is made to select locations and pro- 
jections that will give the maximum of information about each 
specific problem with the least number of injections. Selective injec- 
tions may be made into any area of the central circulation, except a 
“wedged” coronary sinus, pulmonary arteriole or pulmonary venule. 
In present practice at least two injections are made during each study. 
In the face of complex combinations of defects as many as four 
injections have been made on 37 occasions, and six serial injections 
were made in two instances which presented unusually difficult diag- 
nostic problems. 

During the past 18 months the radiopaque substance used has been 
90 per cent Hypaque. When this material first became available, its 
side effects were studied in a group of dogs under barbiturate anes- 
thesia. As much as 3.0 cc. per pound of body weight could be injected 
directly into the ascending aorta in a single dose without producing 
the convulsions commonly encountered when smaller doses of previ- 
ously available media were injected into the same area. Its high vis- 
cosity and crystalline state at room temperature were initially con 
sidered to be undesirable, but these factors have proved to be minor 
nuisances, when compared to its low toxicity, which has been borne 
out at this time by more than 800 serial intracardiac injections. 

The material is warmed to 100 to 110° F. in a water bath prior to 
use. The syringe used for injection is dipped briefly into boiling water 
immediately before it is filled, to prevent the formation of crystals 
on cold glass surfaces, which would mechanically interfere with rapid 
injection. In patients with large shunts and high volume flows, doses 
of 0.5 cc. per pound of body weight are used. In those whose physio- 
logic data indicate low volume flows, as in patients with valvular pul- 
monic stenosis and intact septa, doses of 0.3 cc. per pound are adequate 
for excellent opacification. Regardless of the patient’s body mass or 
the nature of the problem, individual doses have been limited to a 
maximum of 30 cc. 

An interval of fifteen or more minutes is allowed between serial 
injections to permit clearance of the largest amount of the medium 
from the circulation, before more is added. This rule is followed be- 
cause it is suspected that prolonged high concentrations of any pres- 
ently available contrast substance in a capillary bed, particularly in 
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the central nervous system, may cause tissue injury, which is prevent- 
able if progressive accumulation of the material is avoided. Although 
this is not an absolutely established fact, it has appeared so far to be 
a reasonable working hypothesis. If individual doses are kept within 
the limits noted, it may be stated with certainty that multiple serial 
injections may be safely used under the conditions described. Emphasis 
is placed on the fact that general anesthesia is not used, and, in par- 
ticular, tracheal intubation or any other interference with respiration 
is avoided. 

Selective injections of contrast medium into the left atrium and 
ventricle have been as well tolerated as were those made into the right 
side of the heart or pulmonary artery. In the early phases of the study 
great concern was felt over the possibility of cerebral injury as a result 
of passage of relatively undiluted medium to the brain, but experience 
with these injections in the doses noted above has not confirmed these 
fears. There have been no convulsions, no loss of consciousness in 
patients who were awake during the procedure, and no recognizable 
sensory or motor sequelae. 

When no communication exists at the atrial level to permit catheter- 
ization of the left atrium, contrast study has to be limited to injections 
into the right side of the heart or pulmonary artery, except in the 
occasional patient in whom access to the left ventricle is possible by 
way of an interventricular septal defect. 


CLINICAL APPLICATIONS 
Noncyanotic Group 


In the noncyanotic group patients have been encountered with 
aortic stenosis, interventricular septal defect, patent ductus arteriosus, 
aortic pulmonary window, varieties of pulmonic stenosis with intact 
septa, segmental pulmonary artery hypoplasia, and anomalous pulmo- 
nary venous drainage to the superior vena cava or right atrium with 
intact septa. 

In none of these situations is it desirable to inject contrast medium 
initially into the right atrium. The catheter tip is placed in the right 
ventricular apex. The patient is rotated 60 to 70 degrees into the left 
anterior oblique position in order to bring the ventricular septum into 
a plane approximately parallel with the x-ray beam. Contrast medium 
is rapidly injected directly into the right ventricle during motion pic- 
ture photography, and passage of the medium through the central 
circulation is simultaneously observed through the optical periscope. 
Obstructions in the right ventricular outflow tract or at the pulmonary 
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valve are easily recognized (Figs. 102 to 104). If right ventricular pres- 
sure approaches systemic pressure, a defect in the ventricular septum 
usually causes a jet of dye to cross the plane of the ventricular septum 
to fill part of the left ventricle and the aorta simultaneously with 
pulmonary artery opacification (Fig. 105). This usually does not occur 
if right ventricular pressure is below 70 per cent of the systemic level. 





Fig. 102. Valvular pulmonic stenosis with secondary work hypertrophy in the right 
ventricular outflow tract. Right ventricular angiocardiogram (L.O.A. projection). 
Frames 1 to 4, made in early systole, show jet of medium across the thickened and 
obstructed pulmonary valve (A) into dilated pulmonary artery (B). In late systole 
(frames 5, 6, 7) maximal narrowing occurs in the infundibular area (C). In early 
diastole (frames 8 to 12) this area opens widely. After effective pulmonary valvulotomy 
this type of subvalvular obstruction slowly regresses over a period of 10 to 12 months. 


The camera is allowed to run during passage of the medium through 
the pulmonary circulation, and its return to the left side of the heart 
is carefully observed. When the left side fills, evidence of reopacifica- 
tion of the right atrium, right ventricle or pulmonary artery is intently 


sought. 
ANOMALOUS PULMONARY VENOUS Dratnace. If the right atrium 
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opacifies on return of the medium to the left side of the heart in a 
patient whose atrial septum proved to be intact at the time of initial 
exploration with the catheter, further exploration should be made of 
the right atrium and superior vena cava in consideration of the possi- 
bility of partial anomalous pulmonary venous drainage to one of these 





Fig. 103. Severe valvular pulmonic stenosis with intact ventricular septum in a 
patient whose right ventricular outflow tract is dilated in all phases of the heart cycle, 
owing to myocardial insufficiency. Injection into right ventricular apex (L.O.A. pro- 
jection). Frames 1 to 4, during maximal systolic ejection, show jet of medium (A) 
into pulmonary artery (B). Frames 5 to 8 show the thickened valve (C) in diastole. 
When this far advanced phase of the lesion has been reached, pulmonary valvulotomy 
fortunately results in immediate correction of the systolic pressure gradient between 
the right ventricle and pulmonary artery. 


areas. Such veins, when suspected, may usually be demonstrated by 
direct catheterization, and further defined by injection of medium 
near their junction with the right atrium or vena cava (Fig. 106). They 
have also been revealed by photographing the course of venous drain- 
age after selective injection of dye into the right pulmonary artery. 
A patient with anomalous venous drainage from the left lung into the 
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right atrium or coronary sinus has not been encountered to date, but 
it is believed that these problems should be demonstrable by the ap- 
plication of similar techniques. 

VENTRICULAR SEPTAL Derects. If the right atrium is not opacified 
when the medium returns to the left side of the heart, and the right 
ventricle and pulmonary artery are again filled, a defect in the ventricular 


Fig. 104. Subvalvular obstruction in the right ventricle due to presence of anomalous 
moderator bands in a patient with intact ventricular septum. Right ventricular injec- 
tion (L.O.A. projection). In systole (frames 1, 2, 3) the area of narrowing is well 
demonstrated (A). The pulmonary valve (B) shows no evidence of obstruction. In 
diastole the ventricle dilates (frames 4 to 8), but a persistent filling defect remains in 
the outflow tract. Correction of this type of obstruction requires right ventricular 
cardiotomy, and cannot be accomplished with the usual supravalvular approach. 


septum is usually present. When such defects are large, or when the 
ventricular septum is absent, it is usually possible, with the patient in 
the left oblique position, to direct the catheter tip posteriorly across the 
plane of the septum into the area of the left ventricle, where a second 
injection is made. This will better demonstrate the size and location of 
the defect, and show the relation of the aortic and pulmonary valve rings 
to the plane of the upper portion of the septum. 





F. MASON SONES, JR. 957 


When only the pulmonary artery is reopacified after return of the 
medium to the left side, a large patent ductus arteriosus or an aortic 
pulmonary window is considered. 

Patent Ducrus Arteriosus. In every patient with pulmonary hyper- 
tension due to a large ductus encountered to date, it has been possible 
to catheterize the communication directly from the pulmonary artery. 


Fig. 105. A large interventricular septal defect in a patient with severe right ventric- 
ular and pulmonary artery hypertension demonstrated by right ventricular angio- 
cardiogram (L.O.A. projection). Dye crosses the defect (A) from right ventricle (B) 
to fill the left ventricle (C). The aortic valve annulus (D), arising predominantly 
from the left ventricle, is best seen in frames 4 and 5. 


Anatomic confirmation of the size of the defect may be demonstrated 
by injecting contrast medium into the pulmonary artery orifice of the 
ductus with the patient in the left lateral position. This will mo- 
mentarily outline the ductus and descending aorta, with simultaneous 
filling of the pulmonary arteries, even in the presence of a large left- 
to-right shunt (Fig. 107). 

If flow measurements indicate a predominant right-to-left shunt at 
the level of the ductus, there is usually far advanced pulmonary vascu- 
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lar disease. If resistance to blood flow through the lungs is high, an 
angiocardiogram from the main pulmonary artery will not only dem- 
onstrate the ductus and pulmonary arteries, but may, by retrograde 
flow, outline the aortic arch and its major branches as well (Fig. 
108, a). When this occurs, the possibility of a coarctation of the aorta 





Fig. 106. Anomalous drainage of right pulmonary veins to the right atrium, demon- 
strated by retrograde injection of contrast medium into the venous orifice as it enters 
the right atrium (PA projection). Frames 1 to 4 show the venous trunk (A) at the 
right heart border. During the injection the catheter is withdrawn slightly back into 
the cardiac silhouette (frames 5 to 8), permitting identification of the upper right 
atrial border (B) in continuity with the pulmonary venous orifice. 


above the level of the ductus may be ruled out as a contributing 
factor to shunt reversal through the ductus. 

Occasionally a coarctation of the aorta above the aortic orifice of 
a ductus may be responsible for the occurrence of shunt reversal 
through the ductus. If intracardiac injections fail to define this prob- 
lem exactly, it may be demonstrated by injection of contrast medium 
into the aorta following retrograde aortic catheterization from the 
right brachial or femoral arteries (Fig. 109). 
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Aortic PutMonary Winpow. An aortic pulmonary window is a 
fistula between the ascending aorta and the proximal pulmonary 
artery trunk. This possibility should be suspected when a large left- 
to-right shunt is found in the pulmonary artery of a patient with 
pulmonary hypertension in whom a large patent ductus is not easily 


Fig. 107. Patent ductus arteriosus in patient with pulmonary hypertension and a 
large left-to-right shunt, shown by injection of contrast medium into main pulmonary 
artery at the pulmonary orifice of the ductus (left lateral projection). 

The descending aorta (A) and left subclavian artery (B) are momentarily opacified. 
The ductus (C) is best seen in frames 2 to 4. As the injection continues (frames 5 
to 8), the left-to-right shunt causes further opacification of the large pulmonary 
artery (D). This entire sequence occurred in less than 0.15 second. 


demonstrated, as described above. This lesion must be differentiated 
from a true truncus arteriosus, in which there is only a single semilunar 
valve with large pulmonary arteries arising directly from the aortic 
trunk. It is therefore essential to demonstrate the presence of separate 
aortic and pulmonary valves. An injection into the right ventricle will 
show the normal location of the pulmonary valve and rule out the 
possibility of an interventricular septal defect (Fig. 110). An additional 
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injection into the ascending aorta, following retrograde aortic catheter- 
ization, will make the diagnosis unmistakably clear (Fig. 111). 

In most patients falling into the group in whom catheterization and 
selective injection into one of the left heart chambers has not been 





Fig. 108. Patent ductus arteriosus with shunt reversal due to segmental hypoplasia 
of pulmonary arteries, demonstrated by injection of contrast medium into the main 
pulmonary artery trunk. a, In the PA projection the huge ductus (A) extends above 
the bifurcation of the pulmonary artery. There is momentary opacification of the trans- 
verse aortic arch (B) in frames 2 and 3. Extreme segmental narrowing of the right 
pulmonary artery (C) is best demonstrated in this projection. 

b, The lateral projection demonstrates the ductus (A) arising from the pulmonary 
artery (B) to meet the descending aorta (C). Hypoplastic segments of the left pul- 
monary artery (D) are demonstrated beyond its main trunk. 


possible, an additional injection has been made into the right ventricu- 
lar apex with the patient in the posteroanterior projection. This will 
often provide a satisfactory view of infundibular obstruction in the 
right ventricular outflow tract, but it is unsatisfactory for consistent 
demonstration of valvular pulmonic stenosis. It usually permits the 
best over-all demonstration of the distribution of pulmonary arteries 
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to the lungs and of pulmonary veins returning blood to the left atrium 
(Fig. 112). It is used to locate the position of the descending aorta 
when this cannot be accomplished with absolute certainty by fluoros- 


copy. 





a 


Fig. 109. Mild coarctation of the aorta above a patent ductus arteriosus is demon- 
strated by retrograde aortic catheterization and injection of medium into the aorta 
immediately above the short coarcted segment. a, In the PA projection segmental 
narrowing of the aorta (A) is seen immediately above the level of the simultaneously 
opacified pulmonary arteries (B). b, In the lateral projection retrograde filling of the 
ascending (A) and transverse aortic arch (B) is seen in frames 1 and 2. The mild 
coarcted segment is shown (C) above the ductus (D). 


‘TRANSPOSITION OF GREAT VESSELS. The posteroanterior projection de- 
fines the relationship between the ascending aorta and pulmonary artery 
trunk in the vascular pedicle, and will clearly demonstrate the often un- 
expected presence of “corrected” transposition of the great vessels (Fig. 
113). In this anomaly the basic course of the circulation is normal. 
I'he ascending aorta arises from the left ventricle in the left lateral 
heart silhouette, in the usual position occupied by the pulmonary 
artery, and passes upward in front of the left, instead of the right, 
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main pulmonary artery trunk. The pulmonary artery arises from th 
right ventricle behind and medial to the ascending aorta. Preoperatiy 
recognition of this anomaly is important because it seriously com 
plicates the surgical repair of otherwise simple defects, such as valvula 
pulmonic stenosis or an interventricular septal defect. 





Fig. 110. Aortic-pulmonary fistula in a patient with a large left-to-right shunt into 
the pulmonary artery. The initial angiocardiogram, made into the right ventricle (PA 
projection ), shows the pulmonary valve (A) in normal position, giving rise to a large 
pulmonary artery (B) in the left upper heart silhouette. “Slow motion” study by 
projection of these films revealed faint opacification of the ascending aorta from the 
pulmonary artery, but this cannot be identified by study of “still” frames. 


ArriAL Seprat Derecrs. When a communication exists at the atrial 
level, direct opacification of left heart chambers is routinely performed. 

If the defect in the atrial septum which allows catheterization of 
the left atrium is a patent foramen ovale, protected by an adequate 
valve, contrast medium injected into the left atrium does not cross 
the atrial septum to opacify the right atrium. When the left atrium 
is catheterized in a patient in whom an atrial septal defect was not 
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suspected on the basis of previously obtained blood oxygen determina- 
tions, an injection of medium is made into the left atrium, before 
left ventricular catheterization is attempted. This will provide more 
effective contrast visualization of the left side of the heart and aorta 





Fig. 111. Aortic-pulmonary fistula (same patient as in Fig. 110). A second injection 
of contrast medium made into the ascending aorta after retrograde aortic catheteriza- 
tion (PA projection). Actually, the catheter passed from the aortic arch into the 
pulmonary artery by way of a small patent ductus arteriosus at (A). It was then 
directed back into the ascending aorta through the aortic-pulmonary fistula. The root 
of the ascending aorta (B) is seen to arise in a medial and lower position than the 
level of the pulmonary valve (see Fig. 110.) This confirms the presence of separate 
aortic and pulmonary valves. In frames 7 and 8 a mushroom of dye is seen crossing the 
fistula (C) from the ascending aorta (D) into the pulmonary artery (E). 


than can possibly be obtained after passage through the lungs of an 
equal amount of dye injected into the right ventricle (Fig. 114). 
The first injection into the left atrium is made with the patient 
rotated 60 to 80 degrees into the left oblique projection. If opacifica- 
tion of the right atrium does not occur, the defect in the atrial septum 
is of no mechanical importance. Ideal contrast will be obtained in 
the left ventricle and aorta, permitting exact identification of ventricu- 
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lar septal defects, aortic valve lesions, communications between thc 
aorta and pulmonary artery, and coarctation of the aorta. 

When this situation is recognized, catheterization and selective 
opacification of the left ventricle have been considered to be unnec- 
essary. 





Fig. 112. Normal Circulation, Infant. Selective angiocardiogram into right ventricle 
(PA projection). a, In the first moments of injection the right ventricle (A) and 
pulmonary arteries (B) are visualized. Note the considerable distance between the 
main pulmonary trunk and the left border of the mediastinal shadow (C). This is 
often seen in infants, and is usually due to physiologic enlargement of the thymus 
gland. b, Two seconds later pul: onary veins are seen emptying into the left atrium 
(B). The ascending aorta (C) arises from the left ventricle (D) at a point slight]; 
below and to the right of the origin of the pulmonary artery. The descending aorta 
(E) lies to the left of the midline. 


If the initial left atrial cardio-angiogram demonstrates shunt of dye 
into the right atrium, a second injection is made into the same cham 
ber with the patient rotated only 20 to 30 degrees into the left oblique 
position. This helps to separate the rounded plane of the atrial septum 
from the straighter and more posteriorly placed interventricular septum 
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(Fig. 115) and provides the best visual demonstration of atrial septal 
defects that has yet been obtained. 

Putmonic Stenosis. Often, in the presence of pulmonic stenosis 
with an intact ventricular septum, a right-to-left shunt, resulting in 
cyanosis, exists at the atrial level. It is impossible to determine whether 





Fig. 113. “Corrected” transposition of the great vessels in an infant with valvular 
pulmonic stenosis and intact septa (PA projection). a, The thickened stenotic pul- 
monary valve (A) is seen below the pulmonary artery (B) arising from the right 
ventricle (C). b, After the left heart has been opacified the ascending aorta (A) is seen 
following an abnormal course above the left ventricle (B) in the left lateral heart 
shadow. It passes in front of the left instead of the right pulmonary artery trunk. The 
aorta descends to the left of the midline. 


the communication is a patent foramen ovale which will be of no 
importance after relief of the obstruction, or a true atrial septal defect 
across which there may develop a large left-to-right shunt after suc- 
cessful pulmonary valvulotomy. If the defect is capable of causing 
a left-to-right shunt, even though none exists under the conditions 
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described above, sudden overdistention of the left atrium during it 
selective opacification will produce a momentary and readily demon 
strable shunt of medium into the right atrium. This provides a clear 
cut indication for closure of the atrial defect at the time of pulmonary 
valvulotomy. 





Fig. 114. Contrast visualization of left heart in a normal infant (L.O.A. projection). 
a, 0.3 cc. of 90 per cent Hypaque per pound of body weight was injected into the right 
ventricle. The left atrium (A), ventricle (B) and aorta (C) are seen after passage of 
the medium through the lungs. b, An equal amount of dye was injected directly into 
the left atrium, which was catheterized from the right atrium by way of a patent 
foramen ovale. The medium does not cross the atrial septum, but remains in the left 
side of the heart, providing better definition of left heart structures than is obtainable 
by conventional venous angiocardiography or by injections into right heart chambers. 


When blood oxygen measurements or left atrial angiocardiograms 
prove a left-to-right shunt at the atrial level, the catheter tip is passed 
across the mitral valve into the left ventricle. Contrast medium is 
injected directly into the left ventricular chamber with the patient 
rotated 60 to 80 degrees into the left anterior oblique position. This 
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will demonstrate the exact location and size of an occasionally en- 
countered, coexisting defect in the ventricular septum, which may 
often be unrecognized when there is a large left-to-right shunt at the 
atrial level (Fig. 116). In other instances this will rule out the presence 
of a ventricular septal defect, suspected because of a rise in oxygen 





a 


Fig. 115. Atrial septal defects may be demonstrated by selective cardio-angiograms 
made into the left atrium with the patient rotated 20 to 30 degrees toward the L.O.A. 
position. ad, A foramen ovale with an adequate valve is demonstrated. No contrast 
medium crosses the atrial septum. The rounded plane of the atrial septum (A) extends 
anteriorly and to the right of the more linear and posterior plane of the ventricular 
septum (B). b, A small atrial septal defect (A) is demonstrated by a small jet of con- 
trast medium crossing the atrial septum into the right atrium (B). 


content in right ventricular blood samples, when this is actually caused 
by a large defect in the lower part of the atrial septum (Fig. 117). 
In several patients multiple defects in the ventricular septum have been 
demonstrated by this technique (Fig. 118). Absence of the ventricular 
septum is easily recognized (Figs. 120, 125). 
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Mirrat Recurciration. Severe mitral regurgitation, due to th 
presence of a cleft in the medial or aortic leaflet of the mitral valv 
in combination with an atrial septal defect, is demonstrated by massiy 
regurgitation of contrast medium into the left atrium during left vei 


Fig. 116. Fig. 118. 


Fig. 116. A small defect in the membranous portion of the ventricular septum (A) 
demonstrated by left ventricular angiocardiogram (L.O.A. projection). This defect 
was not recognized by blood oxygen determinations because of a large coexisting left 
to-right shunt at the atrial level, which “masked” the smaller, separate shunt across 
the interventricular septum. Note the absence of regurgitation of contrast medium 
into the left atrium. 

Fig. 117. Normal left ventricular cardio-angiogram. This left ventricular injection 
was made in a child showing evidence of a left-to-right shunt at the atrial level, in addi 
tion to a further increase in oxygen content of blood samples taken from the right 
ventricle. An interatrial septal defect was present, and incomplete mixing of arterial 
and venous blood in the right atrium was responsible for the higher oxygen measure 
ments encountered in the right ventricle. The ventricular septum is intact. There is 
no mitral regurgitation. Note (A) the anterior curve of the upper (membranous) 
portion of the ventricular septum immediately below the level of the aortic valve ring. 

Fig. 118. Two separate interventricular septal defects demonstrated by left ventric 
ular cardio-angiogram (L.O.A. projection ). There is a small defect (A) in the muscular 
portion of the septum near the cardiac apex. A larger defect (B) is seen in the mem 
branous portion of the septum. 


tricular injection (Fig. 119). In some 20 per cent of patients with 
normal mitral valves a small amount of dye crosses the mitral valve 
ring, because of artifactual displacement of a valve cusp by the catheter. 
This is usually minimal and may be distinguished from the massive 
regurgitation inevitably demonstrated in the presence of severe organic 
congenital mitral regurgitation. The importance of recognizing the 
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presence of mitral regurgitation complicating an atrial septal defect 
cannot be overemphasized, since closure of the defect without adequate 
repair of the valve will make the patient worse. 

Incomplete fusion of the atrioventricular cushion, resulting in a 
common and incompetent atrioventricular valve, combined with a 
septal defect extending from the atrial level, across the atrioventricular 


Fig. 119. Mitral regurgitation demonstrated by injection into left ventricular apex 
(left lateral projection) in a patient with a large atrial septal defect. The aorta (B) 
arises normally from the left ventricle (A). There is massive opacification of the left 
atrium (C) due to regurgitation of contrast medium across the mitral valve during 
ventricular systole. 


cushion into the membranous portion of the ventricular septum, may 
be recognized by left ventricular injection. In addition to direct passage 
across the plane of the ventricular septum, there is massive simultane- 
ous regurgitation of medium into both atria (Fig. 120). 


Cyanotic Group 
Perhaps the greatest usefulness of selective cine-cardio-angiography 
has been in the solution of diagnostic problems presented by patients 
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Fig. 120. Absence of the ventricular septum in a patient with a common regurgitant 
atrioventricular valve is demonstrated by left ventricular injection (L.O.A. projection ). 
No ventricular septum is present. The medium regurgitates from the common ventricu- 
lar chamber first into the left atrium (A), then into the right atrium (B). 


with combinations of lesions causing cyanosis. In this group, particu- 
larly, the value of high-speed motion picture photography is quickly 
appreciated. Frequently, in these patients contrast medium, injected 
into the peripheral venous bed, will traverse both sides of the heart 
and opacify the aorta and pulmonary artery in less than 1.5 seconds. 
Superimposed chambers are inevitably opacified. The time interval 
between film exposures by conventional angiocardiographic techniques 
is so long that it is often difficult to state the location at which a 
right-to-left shunt occurs, and it is impossible to define the individual 
components which make up the total lesion. 

TerraLocy or Fatxor. In patients with tetralogy of Fallot a right 
ventricular angiocardiogram will demonstrate the size and location of 
ventricular septal defects and the relation of the aortic valve annulus 
to the plane of the ventricular septum. The outflow tract of the right 
ventricle is usually well defined (Fig. 121). Study of this area in slow 
motion sometimes permits recognition of a rudimentary “third ven- 
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tricle” above an area of infundibular obstruction. A wide variety of 
anatomic obstructions has been encountered, varying from narrow 
muscular tubes with absence of the pulmonary valve, to typical un- 
complicated valvular stenosis. Adequate classification, and a practical 
understanding of the surgical implications presented by these recog- 


Fig. 121. Tetralogy of Fallot demonstrated by right ventricular cardio-angiogram 
(L.O.A. projection ). The opaque medium quickly crosses a defect in the membranous 
portion of the ventricular septum (A) from the right ventricle (B) to opacify the 
left ventricle (C). A small pulmonary artery (D) arises from the anterior aspect of 
the right ventricle. The large aortic valve ring (E) extends above the septal defect 
over the outflow tracts of both ventricles. Later the ascending aorta (F) is filled, 
obscuring the origin of the pulmonary artery. The elapsed time between frames 1 and 
8 is 0.144 second. 


nizable variations, are seriously incomplete, but are slowly being gained 
by correlation with surgical experience and postmortem study. 

A left ventricular cardio-angiogram in patients with tetralogy will 
also demonstrate the location and size of the ventricular septal defect. 
The upper membranous portion of the septum, immediately below 
the plane of the aortic valve ring, usually curves anteriorly (Fig. 118). 
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If, as frequently occurs, there is no septal tissue in the area immediatel) 
below the aortic valve ring, the aorta, arising above the most anterio: 
aspect of this curve, is displaced anteriorly over the right ventriculai 
outflow tract (Fig. 122). The surgeon looking down on the septum 
from an incision in the anterior wall of the right ventricle usually 
will describe this type of aorta as “severely dextroposed,” even though 


Fig. 122. Tetralogy of Fallot. Left ventricular cardio-angiogram (L.O.A. projection ). 
The left ventricle (B) is opacified. The relationship of the left ventricular outflow 
tract to the large ascending aorta (A) is demonstrated. The large defect in the mem 
branous portion of the ventricular septum (C) extends up to the plane of the aortic 
valve ring (D). There is no remnant of septal tissue below the anterior aspect of the 
aortic valve ring. The sma!l pulmonary artery (E) arising from the right ventricle is 
obscured by the root of the aorta. 


the posterior aspect of the valve ring, which he does not see, extends 
far back over the left ventricular outflow tract. Since the size of this 
type of defect is directly proportional to the area of the anterior curve 
of the septum which is absent, a surgical estimate of the severity of 
dextroposition is usually proportional to the size of the defect. Ex 
perience indicates that if these defects are smaller than half the diam- 
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eter of the aortic valve ring, there is a reasonably good chance of 
successful closure with presently available surgical techniques. Failure 
to achieve permanent anatomic closure has been encountered with 
relatively increasing frequency in progressively larger defects of this 
type. 


Fig. 123. Complete transposition of the great vessels with intact ventricular septum. 
Right ventricular cardio-angiogram (left lateral projection). The aorta (A) arises 
entirely from the right ventricle (B). The ventricular septum is intact. The aortic 
valve is seen faintly in frames 9 to 12. A small patent ductus arteriosus (C) allows a 
minimal quantity of contrast medium to reach the pulmonary circulation. 


DextroposiTion OF Aorta. Patients with the severest forms of ana- 
tomic dextroposition of the aorta over the right ventricular outflow 
tract are those in whom the posterior aspect of the aortic valve ring 
lies nearly in the plane of the upper portion of the ventricular septum. 
This is easily demonstrated in its most severe form by right ventricular 
cardio-angiograms in patients with complete transposition of the great 
vessels, in whom the ventricular septum is intact (Fig. 123) or who 
have defects in the membranous portion of the septum (Fig. 124, A). 
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In these patients the origin of the pulmonary artery is best demon- 
strated by a left ventricular cardio-angiogram (Fig. 124, B). When 
the septum is nearly absent, complete transposition is recognized when 
the ascending aorta is seen arising in front of the root of the pulmonary 
artery from the common ventricular chamber (Fig. 125). 





Fig. 124. Complete transposition of great vessels with a small interventricular septal 
defect. A, Right ventricular cardio-angiogram (left lateral projection) shows the aorta 
(A) ascending from the right ventricle (B). The aortic annulus is completely anterior 
to the plane of the ventricular septum. A small ventricular septal defect (C) permits 
faint visualization of the pulmonary artery (D), which arises behind the interventric- 
ular septum. B, Left ventricular cardio-angiogram (left lateral projection) confirms the 
origin of the pulmonary artery (B) from the left ventricle (A). The septal defect is 
not demonstrated by this injection, because in this patient pressure in the right 
ventricle exceeded that in the left. 


Truncus Arteriosus. A truncus arteriosus is recognized by demon- 
stration of a single vessel arising from the heart above an interventricu- 
lar septal defect or from a common ventricular chamber. The total 
volume of blood flow to the lungs is derived from this trunk, either 
from large vessels arising from its ascending portion, or from multiple 
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and usually ill-defined bronchial vessels. For completely unmistakable 
demonstration of this lesion (Fig. 126) it is particularly desirable to 
perform angiocardiograms from both ventricles if the ventricular septal 
defect is relatively small, since a stenotic pulmonary artery arising from 
the left ventricle may be unrecognized if only a right ventricular angio- 
cardiogram is performed. 





Fig. 125. Absence of the ventricular septum, transposition of the great vessels, and 
a hypoplastic aorta demonstrated by injection of contrast medium into the common 
ventricular chamber (L.O.A. projection). There is no evidence of any remnant ef the 
ventricular septum. The small aorta (A) arises from the common chamber (B) in front 
of the origin of the large pulmonary artery (C). There is regurgitation of dye into the 
right atrium (D) and inferior vena cava (E). 


Tricuspi ArtresiA. In patients with tricuspid atresia the catheter 
cannot be passed from the right atrium into the right ventricle. In- 
variably such patients have a communication at the atrial level, per- 
mitting catheterization of the left atrium and ventricle. A left ventricu- 
lar cardio-angiogram is routinely performed (Fig. 127). The aorta is 
large, and arises entirely from the left ventricular outflow tract. A 
ventricular septal defect permits opacification of the characteristically 
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Fig. 126. Truncus arteriosus demonstrated by right and left ventricular cardio-angio 
grams. da, Injection into the right ventricle (A) opacified the left ventricle (B). The 
membranous portion of the ventricular septum is absent. The ascending trunk (C) 
arises above the septal defect. There is a single semilunar valve. A small patent ductus 
arteriosus (D) provides a minimal pulmonary flow. b, Injection into the left ventricle 
exactly confirms the findings noted in a. Although embryologically this exact anatomic 
variant is termed “pseudotruncus” because of the presence of a patent ductus, it must 
be classified as a true truncus arteriosus from the standpoint of practical management 


hypoplastic right ventricle, from which a tiny pulmonary artery is 
derived. 


RISKS, COMPLICATIONS AND LIMITATIONS 


The possibility that increased risk to patients might be incurred 
by combining heart catheterization with simultaneous contrast study 
has been seriously considered. Because of this, formal publication of 
the method has been postponed until experience with a statistically 
significant and adequately representative group of patients could be 
presented. 

One death, in part attributable to the procedure, occurred, in a 
13-day-old infant who had an unrecognized massive cerebral hem- 
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Fig. 127. Tricuspid atresia. Left ventricular cardio-angiogram (L.O.A. projection). 
The large left ventricle (A) shows no evidence of obstruction below, or at the level of, 
the aortic valve. The aorta (B) is derived entirely from the left ventricle. There is no 
mitral regurgitation. A small ventricular septal defect (C) permits filling of a grossly 
hypoplastic right ventricular chamber (D) from which a tiny pulmonary artery (E) 
carries a meager blood flow to the lungs. 


orrhage due to birth injury. It suffered repeated convulsive seizures, 
accompanied by intense cyanosis, which were interpreted as anoxic 
attacks. A convulsion occurred while the saphenous vein was being 
mobilized for insertion of the catheter. This interfered with effective 
ventilation, producing intense cyanosis and bradycardia which quickly 
progressed to cardiac arrest. The chest was opened, and a normal sinus 
thythm was re-established by cardiac massage. The child died three 
days later. Postmortem examination revealed agenesis of the left lung 
and a large interatrial septal defect in addition to the unanticipated 
cerebellar hemorrhage. Although this death was not the result of 
intracardiac manipulation or the injection of contrast medium, it 
might have been avoided had the basic central nervous system injury 
been recognized. By considering this fatality, the mortality rate for 
combined heart catheterization and selective cine-angiocardiography 
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has been, to the present, 0.16 per cent, for 623 studies during whic! 
1236 selective angiocardiograms have been made. 

Nonfatal complications have been infrequent. On eight occasion 
contrast medium injected into the right or left ventricle appeared t: 
infiltrate the myocardial wall, and to be visibly persistent for two t 
15 minutes. In three patients this was accompanied by transient S-} 
segment changes which persisted for five to 90 minutes. Subsequent 
ORS changes, indicative of myocardial infarction, did not occur. In n« 
instance did any functional change in the patient occur which required 
termination of the procedure. In five patients subsequent serial injec 
tions of medium were made, after the changes noted above had dis 
appeared, without sequelae. Three of the children in this group died 
six weeks to four months after study, because of severe and inoperable 
defects. Gross and microscopic study of the myocardial areas involved 
revealed no evidence of any pre-existing tissue injury. Forceful wedging 
of the catheter tip into the myocardial wall during intracardiac injec- 
tions should be avoided. When the volume of individual doses of con 
trast medium is less than 15 cc., the use of a mechanical injector has 
not seemed necessary or desirable. 

It is of interest that vomiting due to contrast medium has not been 
encountered in sedated infants. In older children and adults who are 
awake at the time of injection, transient nausea has occurred in ap- 
proximately 12 per cent, and vomiting in 3 per cent, of the total 
group. Not uncommonly, one of these patients will vomit after the 
initial dose, and experience only mild nausea following later injections. 

Transient flushing, headache and a bitter taste are more frequent 
in the older age group. 

Urticaria, manifest by a single large wheal on the chest, occurred 
in one child 10 minutes after a single dose had been given. This was 
promptly controlled by use of an intravenous antihistamine prepara- 
tion. The catheterization procedure was completed, but additional 
selective angiocardiograms were avoided. 

Fortunately, true anaphylactoid reactions have not been encountered. 
There has been no evidence of central nervous system or renal injury 
in any patient studied. 

The major technical limitation encountered has been the relatively 
small area that can be effectively studied and photographed with a 
5-inch image amplifier. This equipment is admirably suited to cardio- 
vascular studies in infants and smaller children, but progressively severe 
limitations are imposed with increasing body mass. In general, excellent 
results have been obtained in patients weighing less than 70 pounds. 
Inadequate studies have been disappointingly common in those larger 
than 100 pounds. It is anticipated that this problem will ultimately be 
overcome by the successful development of methods that will permit 
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brilliant reproduction on a larger fluoroscopic field. When this has 
been accomplished, the technique described will be more easily applied 
to older patients with congenital lesions and, with appropriate modifi- 
cation, should become extremely useful in the diagnostic study of 
patients with acquired valvular and degenerative lesions. 


SUMMARY 


In order to achieve more exact anatomic diagnosis, and measure- 
ment of the stresses imposed by congenital heart defects, a method 
for combining heart catheterization with the selective injection of 
multiple small doses of contrast medium into any of the four heart 
chambers, the aorta or pulmonary artery has been devised. In routine 
clinical application it has been safely applied to diagnostic problems 
which adequately represent the extremely wide range of anatomic 
variants encountered, with more complete accuracy than was previously 
possible. 

The use of a fluoroscopic image amplifier has made possible the 
practical development of a method for transmitting the fluoroscopic 
image by a closed circuit television system, and the routine use of 
high-speed motion picture photography for permanently recording 
the passage of contrast medium through the central circulation. 

Specific methods for applying the technique to a representative 
group of cyanotic and noncyanotic patients have been described. 
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The accurate bedside diagnosis of the kind and severity of congenital 
heart disease demands a clinical discipline which takes much longer to 
learn than any laboratory technique. There is a widespread modern 
attitude which places far too much emphasis on laboratory data and 
far too little on what can be seen, felt and heard. After a proper bed- 
side examination, supported by inspection of the skiagram and electro- 
cardiogram, a good clinician should be able to make an accurate diag- 
nosis of the nature and severity of the great majority of cases of 
congenital heart disease, and should be able to predict with complete 
assurance just what should be found on special investigation. When 
there is any marked discrepancy between laboratory data and what 
such a clinician has predicted, it does not follow that the laboratory 
data are always right. 

The object of this communication is to describe the clinicial findings 
in the chief forms of congenital heart disease and to emphasize the 
points on which most reliance can be placed when making a bedside 
diagnosis. The facts given are easier to write and read than they are to 
elucidate, and it is repeated that the clinical technique demands a 
discipline which takes a long time to master. 
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GENERAL OBSERVATIONS 


In a consecutive series of 1250 cases of congenital heart diseas« 
studied personally by one of us (P.W.) over the past 10 years, certain 
clinical laws have gradually evolved which have proved very helpful in 
diagnosis and which may be listed with advantage as follows: 

1. When congenital heart disease is present in more than one 
member of a family, as it is in 5 per cent of all cases, the anomaly is 
nearly always the same. Examples in which three members of a family) 
have had the same condition have been encountered in relation to 
coarctation of the aorta, aortic stenosis, pulmonary stenosis, patent 
ductus, atrial septal defect and Fallot’s tetralogy, i.e., in all the common 
forms. On the other hand, there has been no single instance in which 
three members of a family have each had a different anomaly. The 
severity of the lesion, however, may differ markedly, and when there 
is a communication between the two circulations, the Eisenmenger 
reaction may be found in one member, but not in the others. 

2. German measles during the first three months of pregnancy ac- 
counts for not more than 5 per cent of cases of congenital heart dis- 
ease, and it is more likely to result in patent ductus arteriosus than 
any other anomaly. 

3. Arachnodactyly is especially associated with atrial septal defect. 
In our series of over 300 cases of this defect it was present in 15 per 
cent. 

4. The association of hyperteleorism, alone or as part of Turner's 
syndrome, with pulmonary stenosis and reversed interatrial shunt is 
less well known. In our series it occurred in 20 per cent of such cases, 
but in only 1 per cent of cases of Fallot’s tetralogy. 

5. The association of polydactyly or syndactyly with ventricular septal 
defect is also less well known. Although only eight cases were recorded 
in our series, seven of them had ventricular septal defect, and the 
only three patients with syndactyly all had Fallot’s tetralogy. 

6. According to Brown’* mongolism is also likely to be associated 
with ventricular septal defect, particularly when the defect is part 
of a common atrioventricular canal. 

Failure to observe these rules has usually led to diagnostic error. 


RELATIVE FREQUENCY OF THE VARIOUS TYPES OF CONGENITAL 
HEART DISEASE 
It is well to remember that although there are a large number of 
congenital anomalies, there are only eight common types, and these 
account for no less than 90 per cent of all cases. In order of relative 
frequency they may be listed as follows: 
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Atrial septal defect 

Pulmonary stenosis with normal aortic root 

Patent ductus arteriosus 

Fallot’s tetralogy (or pulmonary atresia ) 

Ventricular septal defect 

Coarctation of the aorta 

Eisenmenger’s syndrome 

Aortic stenosis 

Outside infancy no other anomaly accounts for more than 1.5 per 

cent of all cases of congenital heart disease, and in making a diag- 
nosis this fact should be borne in mind. In the present paper special 


emphasis will be laid on these eight conditions. 


CONDITIONS WITHOUT A SHUNT 
INVOLVING THE HEART AS A WHOLE 


Dextrocardia 


Mirror-image dextrocardia is nearly always associated with situs 
inversus of the viscera, and with an electrocardiogram characterised by 
inversion of all complexes in standard lead I and by having leads II and 
III interchanged. 

The diagnosis of dextrocardia proper, with an upright P wave in 
standard lead I, is never strictly correct, although in a number of 


conditions the heart may be lying very much to the right. 


Congenital Cardiomegaly 


Cardiac enlargement involving the heart as a whole, although usually 
the left ventricle chiefly, may be due to a number of congenital condi- 
tions including: 

a. Anomalous origin of the left coronary artery from the pulmonary artery 

b. Familial cardiomegaly 

c. Fibroelastosis 

d. Friedreich’s disease 

e. Gargoylism 

f. Von Gierke’s disease. 

Before symptoms appear, these cases are usually characterised by 
cardiac enlargement, involving chiefly the left ventricle, and an electro- 
cardiogram showing left bundle branch block or simple T wave in- 
version in left ventricular surface leads or their equivalents. 

Sooner or later heart failure, which may be mainly left ventricular 
initially, sets in, or sudden death may occur unexpectedly pre- 
maturely. 

Clinically these conditions resemble any other type of cardiomyop- 
athy, and the precise etiological diagnosis can only be arrived at by 
noting associated phenomena or by special biochemical tests. 
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Heurt Block 

Congenital heart block is complete twice as frequently as it is partial. 

Physiologically it is usually far less serious than acquired heart bloc! 
because the inherent rate of the ventricular pacemaker, which i 
nearly always situated proximal to the bifurcation of the bundle o: 
His, probably close to the atrioventricular node, is faster than in thx 
acquired type, averaging 48 beats per minute (range 36 to 80). Again 
the rate is rarely fixed, but increases appreciably on effort. Indeed 
atrioventricular dissociation may suddenly disappear on effort. Atropin 
is also capable of quickening the heart beat by about 33 per cent. 

The curious belief that congenital heart block is usually associated 
with ventricular septal defect seems to date from a paper by Yater, 
Lyon and McNabb® in which the association was accepted in 30 out 
of 44 cases and was confirmed at necropsy in four of them. No similai 
series, however, has ever been reported, and at that time ventricular 
septal defect was diagnosed far too readily. In our own series completc 
heart block occurred in only 1 per cent of all cases of ventricula: 
septal defect, and ventricular septal defect was present in only two out 
of 18 cases of congenital heart block, one of them associated with cor 
rected transposition. This experience is similar to that of Brown." The 
erroneous diagnosis of ventricular septal defect in cases of heart block 
may be attributed to the frequency of a fairly loud basal ejection mur 
mur caused by an increased stroke flow. 

As a tule these patients have no symptoms, provided the ventriculai 
rate is above 40 and rises with effort. Stokes-Adams fits are rare and 
occurred in none of the present series. 

The physical signs include bradycardia, venous cannon waves in 
the neck, independent a waves in the jugular pulse, variation in the 
intensity of the first heart sound according to the time relationship 
between atrial and ventricular contractions, and a functional mitral 
diastolic filling murmur due to the increased stroke flow. 

The electrocardiogram nearly always shows normal ORS complexes, 
the pattern of bundle branch block commonly denoting an acquired 
lesion. Inversion of the TT waves sometimes occurs, but these are not 
necessarily sinister and may become upright on effort.** It is the normal 
ORS pattern and the relatively fast ventricular rate which together 
indicate that the ventricular pacemaker is proximal and close to, if 
not in, the atrioventricular node. 


LEFT-SIDED LESIONS 
Coarction of the Aorta 


In most cases the stricture is abrupt and occurs just below the origin of 
the left subclavian artery, close to the ligamentum arteriosum. Occa- 
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sionally it is cranial to the left subclavian artery, or even between the 
innominate artery and left carotid; or rarely it may be lower dorsal or 
subphrenic. Complete occlusion rather than stenosis is found in about 
one quarter of the cases.': ** 

The chief associated anomalies are bicuspid aortic valve which may 
be incompetent (9 per cent), aortic stenosis (5 per cent) and patent 
ductus (5 per cent). Ventricular septal defect is relatively rare (1.5 per 
cent), and mitral incompetence (5 per cent) more likely to be rheu- 
matic or functional. Associated mitral stenosis (5 per cent) may be 
congenital or rheumatic. 

The more important complications are bacterial endarteritis or endo- 
carditis, aortic dissection or rupture, subarachnoid haemorrhage and 
heart failure. 

At the bedside it is usually easy to make a confident diagnosis, not 
only of coarctation itself, but also of its exact location, the degree of 
stricture and the nature of complicating factors. 

SyMptToMs. ‘lhe only important symptom of uncomplicated coarcta- 
tion is intermittent claudication, which occurred in 8 per cent of our 
scries; it is due to an inadequate blood flow to the legs and was 
associated with impalpable femoral pulses in half of them, despite a 
well-developed collateral circulation. Complete aortic occlusion may 
explain such cases. 

The symptoms of left ventricular failure occurred in only 2 per 
cent of uncomplicated cases; symptoms were present in another § 
per cent, but were then associated with severe aortic or mitral valve 
disease. 

PuysicaL Sicns. Hypertension above the stricture is invariable and 
increases gradually with age. In children the blood pressure in the 
arms is about 33 per cent higher than it should be. In adults the 
average pressure rises from 180/100 at the age of 21 to 210/110 at 
the age of 50. ‘The increase with age runs parallel to the natural be- 
haviour of the blood pressure in civilised man, and there is no accelerated 
phase as in ordinary hypertension, for the renal vessels are not sub- 
jected to high pressure. The hypertension is chiefly mechanical, but 
may be partly renal in some instances. 

A difference of 10 to 20 mm. of mercury between left and right brachial 
pressures may be disregarded, and occurred without explanation in 10 
per cent of the series. A left brachial pressure more than 20 mm. 
lower than the right, but higher than the femoral pressure, means that 
the left subclavian artery arises at the stricture (2 per cent). A left 
brachial pressure similar to the femoral means that the left subclavian 
artery arises below the stricture (1 per cent). An impalpable right 
brachial pulse may signify right subclavian thrombosis (one case). A 
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right brachial pressure at femoral level indicates a retro-oesophageal righ 
subclavian artery arising below the stricture. 

Conspicuous carotid pulsation is invariable, and the fundal arteric 
may be tortuous. 

The femoral pulse is usually very small, slow rising, and obvious) 
delayed, occurring appreciably after the brachial pulse. The delay i: 
chiefly in the timing of the maximum pressure peak (Fig. 128), as in 
aortic stenosis, less so in respect of the onset. Occasionally the femora! 
pulse cannot be felt at all, particularly when coarctation is complete 
The amplitude of the femoral pulse is influenced to some extent by thc 
magnitude of the collateral circulation, but is more closely related to th« 
size of the aperture of the coarctation itself. Relatively good femoral 


BRACHIAL ARTERY ARTERY 
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Fig. 128. Brachial and femoral artery pressure pulses in a case of severe coarctation 
of the aorta. The onset of the femoral pulse is .08 sec. later than the onset of the 
brachial pulse; the maximum pressure peak on the other hand is delayed by 0.16 sec. 


pulses are found only when the aperture of the coarctation is 4 or 5 mm. 
in diameter, }iowever well developed the collateral circulation. The 
blood pressure in the legs is often unrecordable with the standard cuff 
technique, but when it can be recorded is found to be lower than in the 
arms. 

Visible or palpable pulsation of collateral vessels is best appreciated 
in relation to the intercostal arteries posteriorly, and it is of course these 
that give rise to the rib notching which can be seen radiologically. 

On auscultation the chief signs include an aortic ejection click at 
apex and base, an aortic systolic murmur, accentuation of the aortic 
second sound, a vascular systolic murmur over the site of the coarctation, 
and a soft mitral diastolic murmur. 

The ejection click denotes dilatation of the ascending aorta, and this 
may well be the cause of the aortic systolic murmur, although some 
workers attribute this to increased flow.* In the absence of sufficient 
stenosis to cause a pressure gradient across the aortic valve an aortic 
systolic thrill was felt in only 3 per cent. 

The vascular coarctation murmur denies complete occlusion and 
proclaims the site of the stricture. It is maximal high up to the left of 
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the spine when the coarctation is in its usual position just below the ori- 
gin of the left subclavian artery; it is lower down when the stricture is 
mid or low dorsal, and over the lumbar spine or best heard through the 
abdomen when the coarctation is subphrenic. This murmur is not in- 
fluenced by digital compression of any collateral vessel, and auscultation 
directly over such a vessel usually reveals no murmur. 

A mitral diastolic murmur was heard in 42 cases or 37 per cent of 114 
in which it was diligently looked for. It was due to mitral valve disease 
in 29 per cent, to a direct shunt (patent ductus or ventricular septal de- 
fect) in 14 per cent, and was unexplained in 57 per cent of these 42 
cases, or in 24 per cent of the whole series. This murmur is believed to 
be functional. It is heard especially in children with coarctation and 
usually disappears after technically successful repair. It is presumably a 
rapid filling murmur and has been attributed to a raised cardiac output 
by some authors.’® 

The electrocardiogram is usually normal. Left ventricular preponder- 
ance occurs in less than one third of all cases, and is moderate in 5 per 
cent and severe in 15 per cent. Associated aortic valve disease was 
present in half of our cases with severe left ventricular preponderance. 

The radiological features are well known and include prominence 
of the ascending aorta, an elongated aortic knuckle resulting from 
dilatation of the left subclavian artery, post-stenotic dilatation of a 
short segment of the descending aorta best seen in the anterior view, 
fullness or enlargement of the left ventricle, rib-notching and abolition 
of the supra-aortic window. 


Aortic Stenosis 


Congenital aortic stenosis is valvar in two thirds to three quarters of 
all cases, and subvalvar in the remainder.!” 

Symptoms occur only in severe cases and include angina pectoris, 
effort syncope and finally those of heart failure—especially left ventricu- 
lar failure. 

The physical signs differ little from those of acquired aortic stenosis 
and are similar whether the stricture is valvar or subvalvar. 

Trivial and mild cases are characterized by a loud aortic ejection 
click at apex and base,?* and a short aortic mid-systolic murmur. The 
click is vascular and associated with post-stenotic dilatation of the as- 
cending aorta. The murmur begins appreciably after the first heart 
sound, being separated from it by an interval which cannot be less than 
the isometric contraction time, which is about 0.05 second. It is rela- 
tively short because it must end in protodiastole, at least 0.03 second 
before aortic valve closure, which in these mild cases is not delayed. A 
thrill accompanies the murmur in most cases that are more than trivial. 
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With critical stenosis, in which the orifice does not exceed 0.75 s« 
cm.,** the pulse is small and anacrotic, the blood pressure relative] 
low, the carotid pulse invisible, and the left ventricle hypertrophied 
The click usually disappears, the murmur is longer and accompanie: 
by a thrill, and aortic valve closure is delayed, so that a split secon 
heart sound may behave paradoxically, closing on inspiration anc 
widening on expiration.** An aortic diastolic murmur occurs in on 
third of all cases, whether the stenosis is valvar or subvalvar.*® 

An atypical pulse with a more abrupt wave front and earlier maxi 
mum pressure peak, especially in the right brachial artery, is mor 
common in congenital than in acquired stenosis. Its mechanism is stil! 
obscure. 

The electrocardiographic and roentgenographic appearances ar 
similar to those in rheumatic aortic stenosis, except that calcification of 
infundibular stenosis is rare. Since calcification is seen fluoroscopicall 
in at least 80 per cent of rheumatic patients over 30 years old, its ab 
sence in a middle aged adult should at once suggest the possibility of 
congenital subvalvar stenosis. 


RIGHT-SIDED LESIONS 
Pulmonary Stenosis with Normal Aortic Root 


Simple pulmonary stenosis may be valvar (90 per cent) or infundibular 
(10 per cent), and it may be mild, moderate or severe. Physiologically the 
cardiac output and pulmonary artery pressure are normal, and the right 
ventricular pressure under 50 mm. of mercury in mild cases; the cardiac 
output is normal at rest, the pulmonary artery pressure a little low, and 
the right ventricular pressure between 50 and 100 mm. in cases of mod- 
erate severity; while in severe cases the cardiac output is low, the arterio 
venous oxygen difference over 50 ml. per litre, the pulmonary artery 
pressure low, and the right ventricular pressure between 100 and 275 mm. 
A confident diagnosis is usually possible at the bedside. 

Symptoms. There are no genuine symptoms in mild or moderate 
cases, and the lesion is compatible with athletic supremacy. Even in 
severe cases breathlessness is rarely pronounced, because there is no 
hypoxia and the mechanical properties of the lungs are normal. Patients 
may complain of fatigue, however, and effort syncope or angina occurs 
occasionally. As a rule, there are few symptoms until heart failure or 
tricuspid incompetence develops. 

Puysica Sicns. Patients usually look well and have no central cyanosis; 
but peripheral cyanosis may be conspicuous in severe cases. There is, 
of course, no clubbing or polycythaemia. 

The pulse and venous pressure are normal in mild cases. A small 
dominant a wave in the jugular pulse may be seen in cases of moderate 
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severity, and a giant a wave measuring between 6 and 20 mm. of mer- 
cury above v characterises most of the severe cases (Fig. 129). 

The cardiac impulse is normal in mild cases. When the stenosis is 
more severe, the left ventricle is impalpable, and a left parasternal im- 
pulse can be felt over the right ventricle. The pulmonary artery is always 
impalpable. 

On auscultation the chief signs include a right atrial presystolic gal- 
lop, a pulmonary ejection click, a long pulmonary ejection murmur 
accompanied by a thrill, and a modified or inaudible pulmonary com- 
ponent of the second heart sound. 

Right atrial gallop is heard only in severe cases, and is usually asso- 
ciated with a giant a wave in the neck. Both represent increased resist- 
ance to right ventricular filling. 
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Fig. 129. Giant a waves in the right atrial pressure pulse (top graph) in a case of severe 
pulmonary stenosis. The electrocardiogram is shown below. 


A pulmonary ejection click is almost invariable in mild cases of valve 
stenosis,** but is absent in severe cases and usually absent when the 
stenosis is infundibular. The click is vascular and depends upon dilata- 
tion of the pulmonary artery and a sufficient stroke flow to tense the 
relaxed vessel abruptly. 

The length of the pulmonary ejection murmur indicates the duration 
of right ventricular systole and therefore depends on the severity of the 
stenosis. In severe cases it continues through the aortic second sound.** 
In most cases the murmur is best heard high up in the second left space, 
but when the stenosis is infundibular, it is usually lower down, and may 
be maximal in the Roger area, where it may be mistaken for the pan- 
systolic murmur of ventricular septal defect. 

The pulmonary component of the second heart sound is little if at 
all delayed and normal in quality and intensity in mild cases. With 
moderate stenosis, however, it is delayed, falling about 0.05 to 0.07 sec- 
ond after Ag, and it is altered in quality, sounding high pitched, almost 
metallic, and unusually brief, at the same time being reduced in inten- 
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sity. The split widens normally on inspiration. In severe cases P2 becom« 
inaudible, but can still be recorded phonocardiographically, when it 
very late indeed, falling about 0.08 to 0.10 second after Ag.?* 

The electrocardiogram is strictly normal in truly mild cases. At th 
other extreme is the gross right ventricular preponderance of the mor: 
severe cases, in which tall R waves and steeply inverted T waves ar 
seen right across the chest from lead V,; to V;. Between these two ex 
tremes are all grades of right ventricular preponderance according to 
the severity of the stenosis and to the strain to which the right ventricle 
has been subjected in day to day life. A conspicuous P pulmonale usuall\ 
accompanies the more severe right ventricular strain patterns. 

X-rays reveal dilatation of the main pulmonary arc in all cases of 
valve stenosis. There is no convincing correlation between the degree 
of dilatation and the severity of the stenosis. An inconspicuous pul. 
monary arc suggests infundibular stenosis. 

The main right branch of the pulmonary artery is normal or poor!) 
defined, in contrast to its bold outline in atrial septal defect. The 
peripheral vascular pattern is also normal in mild and moderate cases, 
but may suggest oligaemia when the stenosis is severe and the cardiac 
output low. 

The right ventricle and atrium are normal in mild cases and moder- 
ately enlarged in severe cases. Considerable enlargement usually means 
heart failure or tricuspid incompetence. 


Ebstein’s Disease 


In this relatively rare malformation the tricuspid valve is deformed 
and displaced a variable distance towards the pulmonary valve, away 
from the tricuspid ring. That part of the right ventricle lying between 
the displaced valve and the vestigial tricuspid ring is very thin walled 
and looks more like an atrium than a ventricle. The distorted valve is 
frequently incompetent, and there may be an associated atrial septal 
defect of the secundum type. This is one of the few conditions in which 
tricuspid incompetence is not associated with high resistance to for- 
ward flow. 

PuystoLocy. Since the pulmonary vascular resistance is low and there 
is no obstruction at the pulmonary valve, the diminutive functioning 
part of the right ventricle has little difficulty in maintaining a fair out- 
put; indeed, all that is necessary to drive the blood through the lungs 
is a moderately raised systemic venous pressure. When there is an 
atrial septal defect, a reversed shunt occurs in the more severe cases. 

Symptoms. The majority of patients are acyanotic and remarkably 
free from serious symptoms. The cardiac output is usually sufficient to 
meet the metabolic demands of the average individual at rest and on 
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moderate exercise. Some of our patients competed well in hockey, tennis 
and swimming. 

Patients with more severe cases, however, may complain of fatigue, 
and patients with cyanosis from reversed interatrial shunt are usually 
breathless on exercise. 

Paroxysmal tachycardia is not uncommon. 

Puysicat Sicns. The characteristic signs of Ebstein’s disease are usu- 
ally pathognomonic when considered with the electrocardiogram and 
x-ray. They include slight to moderate elevation of the jugular venous 
pressure, an absent or very gentle cardiac impulse, a rather widely split 
second heart sound which may vary with respiration in the usual man- 
ner, a tricuspid systolic murmur usually without a thrill, and a curiously 
superficial tricuspid diastolic murmur or scratch, often heard in an 
unusually central position, even to the right of the sternum, and some- 
times remarkably high up in the third space. 

Jugular pulsation is commonly of low amplitude because the right 
ventricle pulsates but little, and the atrium and atrialized portion of 
the right ventricle are grossly distended sacs, which cannot function 
efficiently. Giant a waves do not occur. The venous pulse may show 
small a and v waves of equal amplitude, or a virtually single v wave. 
In severe cases the pressure pulse in the pulmonary artery, right ven- 
tricle and right atrium are remarkably similar. 

The electrocardiogram shows a low voltage right bundle branch block 
pattern, which probably represents prolonged activation, as in atrial 
septal defect, rather than a true conduction defect. This pattern oc- 
curred in 17 of our 18 cases, and is attributed to the grossly distended 
atrialized portion of the right ventricle. 

X-rays reveal a stencilled, much enlarged cardiac outline which moves 
very little when seen fluoroscopically. The enlargement is, of course, 
wholly right-sided, even when the left cardiac border is displaced far to 
the left. The appearances resemble those of pericardial effusion, but 
the left border is often concave in the region of the left atrial append- 
age. Both aorta and pulmonary artery are hypoplasic and the pulmonary 
vascular markings light. 


ACYANOTIC CONGENITAL HEART DISEASE WITH LEFT-TO-RIGHT 
SHUNT 


ATRIAL SEPTAL DEFECT 


There are three chief varieties of atrial septal defect which are usu- 
ally known as sinus venosus, ostium secundum and ostium primum de- 
fects. The first is high, close to the mouth of the superior vena cava, 
relatively small (1 to 2.5 cm. in diameter), and associated with anom- 
alous pulmonary venous drainage from the right upper and middle 
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lobes into the superior vena cava just above the defect. The second | 
more or less central, relatively large (3 to 8 cm. in diameter), am 
occasionally lacks a posterior or inferior rim. The third is anterior an: 
immediately adjacent to the atrioventricular valves, either of whic 
may be deformed and incompetent, or which may form together 

common atrioventricular canal; this defect may also involve the inte: 
ventricular septum. 

In our own series of 350 cases of atrial septal defect the defect wa: 
high (sinus venosus type) in about 10 per cent, an ostium secundum: 
in 80 per cent, an ostium primum in 5 per cent and otherwise compli 
cated in 5 per cent. 

PuystoLocy. Since the left atrial pressure is 3 to 5 mm. of mercury 
higher than the right in normal persons, blood passes through an atrial 
septal defect from left to right. The magnitude of the shunt varies 
directly with the size of the defect, and with the difference in filling 
resistance between the two ventricles. Differentiz] manometry proves 
that the interatrial shunt ordinarily takes place chiefly during ventricu 
lar systole.*° During diastole the distended right atrium empties itself 
rapidly into the relaxed right ventricle. The pulmonary blood flow is 
commonly at least three times the systemic flow, and with large de 
fects may be well over 20 litres per minute. The systemic flow tends 
to be diminished as a result of the lowered left ventricular filling 
pressure. The pulmonary vessels are widely dilated to accommodate 
the flood, and so the pulmonary vascular resistance is low, usually 
around 0.5 unit (40 dynes sec./em~*). The pulmonary artery pressure is 
therefore normal or only slightly raised. In about half the cases the 
arterial oxygen saturation is slightly reduced, and although this has 
been attributed to bidirectional interatrial shunting by some authors, 
pulmonary venous samples often reveal a similar degree of desatura 
tion, suggesting that it really represents an increase of venous admix- 
ture, some of the excessive pulmonary blood flow passing through 
unventilated lung. 

CiinicaL Features. Females are more frequently affected than males 
in the ratio 3:2. Skeletal abnormalities such as arachnodactyly, kypho- 
scoliosis and pigeon chest occur in at least a quarter of the cases. Poor 
physique in some instances may be due to an inadequate systemic 
blood flow. These patients are acyanotic at rest, although temporary 
reversal of the shunt may be produced by the Valsalva manoeuvre, and 
recorded on an oximeter.** 

The arterial pulse is either normal or of small volume, reflecting a 
normal or slightly reduced systemic blood flow. The venous pressure 
and pulse are usually normal and similar to the left atrial pressure 
pulse. A high venous pressure in acyanotic cases means a left-sided 
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lesion such as mitral valve disease or essential hypertension, or atrial 
fibrillation with tricuspid incompetence.** 

The cardiac impulse is hyperkinetic and central, and is formed by 
the overfilled right ventricle. The left ventricle is impalpable. In the 
second left space pulmonary arterial pulsation can be felt in most cases. 

The characteristic and usually pathognomonic auscultatory signs in- 
clude a functional pulmonary ejection murmur due to increased flow, 
a widely split second heart sound which does not vary as it should 
with respiration, and a functional tricuspid diastolic filling murmur. 

The pulmonary systolic flow murmur® occurred in 95 per cent of our 
cases, and was accompanied by a thrill in 25 per cent. The thrill is 
functional and does not signify associated pulmonary stenosis, even 
when catheterisation reveals a slight or moderate gradient across the 
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Fig. 130. Phonocardiogram timed against the carotid pulse and the electrocardio- 
gram in a case of atrial septal defect showing wide splitting of the second heart sound 
which does not vary with respiration. (By courtesy of Dr. M. K. Towers.) 


pulmonary valve.*! A pulmonary ejection click is rare and so helps to 
distinguish atrial septal defect from mild pulmonary stenosis, in which 
it is usually loud. 

The widely split second heart sound, due to delay in pulmonary 
valve closure, was first recognised by Barber, Magidson and Wood.* 
The delay is due not to right bundle branch block, which is not in 
fact present (vide infra), but to prolongation of the emptying time 
of an overfilled right ventricle.** More important than the width of 
the split is its fixation in relation to respiration (Fig. 130), as first 
noticed by Dicks.4? Normally the second or pulmonary component of 
the second heart sound is delayed during inspiration, owing to in- 
creased filling of the right ventricle; thus a split second sound normally 
widens on inspiration. In atrial septal defect, however, inspiration in- 
fluences the filling pressures in both atria, since they are in free com- 
munication; an increase of flow from the periphery into the right 
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atrium is balanced by reduction of the shunt, so that the larger cent: .\| 
blood volume is distributed equally between the two ventricles. 

The tricuspid diastolic filling murmur** is soft and short, and is usii- 
ally heard best in the third or fourth interspace near the sternal border 
or more to the left; it has the triple rhythm cadence of any atrioven- 
tricular diastolic murmur and increases with inspiration. It was heaid 
in three quarters of our cases and was not related to the size of thc 
shunt. It must depend more on the speed of tricuspid blood flow 
during the rapid filling phase than on the total right ventricular in- 
flow, and is more likely to be heard when the tricuspid ring is not too 
distended. 

A pulmonary diastolic murmur is relatively rare in the absence of 
pulmonary hypertension (see The Eisenmenger Group), but may oc- 
cur when the pulmonary artery is more dilated than usual. 

A tricuspid systolic murmur is the rule when there is atrial fibrilla- 
tion, but is rare in uncomplicated cases with normal rhythm. 

A pansystolic murmur with normal rhythm, whether mitral, tri- 
cuspid or septal, suggests an ostium primum defect. 

The electrocardiogram shows a characteristic “incomplete right bun- 
dle branch block pattern” in 95 per cent of all cases.* That this is 
not due to a conduction defect is proved by absence of delay in the 
onset of right ventricular contraction. It represents prolonged activa- 
tion of the right ventricle, thought by some to be due to hypertrophy 
of the infundibulum.'': 44 The secondary R wave in lead V;, rarely 
measures more than 10 mm. in the absence of complicating pulmonary 
hypertension. 

X-rays reveal an inconspicuous aorta, a varying degree of dilatation 
of the pulmonary artery and its branches, and moderate enlargement 
of the right ventricle and atrium. The hypoplasic aorta is probably 
related to a decrease in the systemic blood flow, while the pulmonary 
plethora reflects the greatly increased pulmonary flow. Hilar dance is 
better seen in atrial septal defect than in any other condition. 


Ostium Primum 


Suggestive features of ostium primum include the early onset of 
symptoms and of significant pulmonary hypertension.* In most cases 
there is involvement of the mitral or tricuspid valve, or both, usually 
with incompetence. Thus in ostium primum a pansystolic murmur may 
be due to associated ventricular septal defect or to mitral or tricuspid 
incompetence. Ostium primum in the absence of involvement of either 
mitral or tricuspid valve may be clinically indistinguishable from ostium 
secundum.!° 

The electrocardiogram typically shows left axis deviation and occa- 
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sionally left ventricular hypertrophy. Left axis deviation seems al- 
most as reliable, diagnostically, as the vectorcardiogram of ostium 
primum,’® * but rarely it occurs with ostium secundum.” 


Sinus Venosus Defect 


In the sinus venosus type of atrial septal defect the two components 
of the second heart sound may separate more widely during inspiration, 
for the defect may be quite small. Prominence of the superior vena cava 
may be obvious on the chest radiograph, as may be the anomalous veins 
which enter the superior vena cava. These veins may be best shown by 


tomography. 


Lutembacher’s Syndrome 


This was too frequently diagnosed in the past. The association of 
mitral stenosis and atrial septal defect is rare. An opening snap of the 
mitral valve, followed by a mitral diastolic murmur, is good evidence of 
mitral stenosis; the murmur must be differentiated from the other dia- 
stolic murmurs which have been described in atrial septal defect. Rheu- 
matic mitral incompetence may occur with atrial septal defect, and cause 
a pansystolic murmur. In Lutembacher’s syndrome the jugular venous 
pressure is raised, since the left and right atrial pressures are similar. 
Mitral valve calcification provides good evidence of mitral valve dis- 
ease, but does not, of course, give any information about the degree 
of stenosis or incompetence present. 

Probably the best criterion of significant mitral valve disease in the 
presence of atrial septal defect is a pressure gradient across the mitral 
valve*®; this usually indicates mitral stenosis, but an appreciable diastolic 
pressure gradient may occur with significant mitral incompetence.*? 


VENTRICULAR SEPTAL DEFECT 


Incomplete closure of the membranous part of the interventricular 
septum accounts for 90 per cent of cases of ventricular septal defect; 
in the remainder the defect is in the muscular septum. The aperture 
is usually round, and measures between 1 and 15 mm. in diameter in 
uncomplicated cases. 

PuysioLocy. A left-to-right shunt of blood occurs during systole 
owing to the pressure gradient across the septum. The magnitude of 
the shunt depends on the size of the defect.° The pulmonary blood 
flow is increased, and both ventricles and the left atrium carry the 
load. In the cases described in this section the pulmonary vascular 
resistance is normal or but slightly raised. Cases with high resistance 
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are described under The Eisenmenger Group. The systemic flow 
maintained in the milder cases, but is diminished when the shunt | 
large. 

Cuiinicau Features. Generalized stigmata are usually lacking in vei 
tricular septal defect, although there appears to be some link-up wit! 
deformities of the limbs. Patients may be underdeveloped if the lesion 
is severe. The sex incidence is equal. There is no cyanosis. 

The arterial pulse may be small if the systemic output is reduced 
The venous pressure and pulse are normal in uncomplicated cases. 

A hyperkinetic left ventricular cardiac impulse is the rule; but the 
right ventricle may also be felt parasternally, and pulsation over th« 
pulmonary artery can often be detected. 

The characteristic auscultatory sign is a loud pansystolic murmur 
maximal in the third or fourth left intercostal space near the sternal 
edge, and usually accompanied by a thrill. The murmur begins 
immediately after mitral valve closure, during the isometric contraction 
phase, and extends through protodiastole, for there is a substantial 
pressure gradient across the septum during both these periods. The 
murmur diminishes in intensity during inspiration when right ven- 
tricular diastolic filling is enhanced. The Roger murmur may be modi 
fied by a mid-systolic exuberance generated by the increased pulmo- 
nary blood flow. 

The second heart sound may be difficult to analyse in view of the 
length of the harsh murmur, but is, in fact, normal, P» falling after Ao, 
and separating from it further during inspiration. 

As noted by Laubry and Pezzi** a short mitral diastolic murmur is 
common. This is functional, turbulence being created by the increased 
mitral blood flow during the phase of rapid filling.*° A loud third heart 
sound may accompany the bruit or occur independently. 

Basal diastolic murmurs are relatively rare. Pulmonary incompetence 
is nearly always due to the Eisenmenger reaction (vide infra), aortic 
incompetence to prolapse of the anterior aortic cusp into the defect.®! 
The cadence of murmurs produced by the combination of ventricular 
septal defect and aortic incompetence is frequently mistaken for the 
continuous murmur of patent ductus, an error unlikely to be cor- 
rected by the water-hammer pulse and considerably enlarged left ven- 
tricle found in both these conditions. 

The electrocardiogram usually shows conspicuous O waves and high 
voltage R waves in leads V; and Vg, indicating left ventricular dom- 
inance, and secondary R waves often with inversion of the T waves in 
lead V;, pointing to dilatation of the right ventricle. The combination 
is highly characteristic and imitated by few other conditions.*? In mild 
cases, however, the graph is normal. 

X-rays usually show a small aorta, pulmonary plethora with enlarge- 
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ment of the pulmonary artery and branches, and a hyperkinetic heart. 
The left atrium may be slightly dilated, and both ventricles may be 
enlarged. If the shunt is small, however, the radiograph is normal. 


PATENT DUCTUS ARTERIOSUS 


In uncomplicated cases the internal diameter of a patent ductus usu- 
ally measures between | and 7.5 mm. When the calibre is larger than 
this, there is nearly always a high pulmonary vascular resistance, and 
these cases are described with the Eisenmenger group. 

Puystotocy. Since the peripheral vascular resistance is normally 
much greater in the systemic than in the pulmonary circulation, a 
shunt through a patent ductus is from aorta to pulmonary artery and 
continues throughout the cardiac cycle, being maximal during the 
latter part of systole and minimal at the end of diastole, and during 
the period of isometric ventricular contraction. The magnitude of the 
shunt varies directly with the calibre of the duct, and inversely with 
its length. 

The leak from the aorta diminishes the total systemic resistance, 
and is responsible for the water-hammer pulse. The increased pulmo- 
nary blood flow imposes an extra volume load on the left atrium and 
left ventricle. In the absence of pulmonary hypertension there is no 
additional work for the right side of the heart. 

CiinicaL FEAturES. Females are more frequently affected than males, 
in the ratio 7:3. 

The arterial pulse is collapsing, owing to the shunt of blood from the 
systemic circulation. The systemic diastolic pressure is low, and the 
pulse pressure wide. The venous pressure and pulse are normal. 

There is a hyperkinetic left ventricular cardiac impulse, and pul- 
monary arterial pulsation is usually felt. 

The characteristic continuous or machinery murmur is easily recog- 
nised, and is best heard in the first or second left interspace. It is 
maximal on either side of the second heart sound, may be accom- 
panied by a thrill, and diminishes during inspiration, when the right 
ventricular output increases. A functional mitral diastolic murmur 
may occur, owing to the increased diastolic flow of blood through the 
mitral valve. A functional pulmonary diastolic murmur is sometimes 
present, but usually denotes the Eisenmenger reaction (vide infra). 
With large shunts left ventricular systole is prolonged and there may 
be reversed splitting of the second heart sound.'* As a rule, however, 
the second sound is difficult to analyse, being obscured by the murmur. 

The electrocardiogram is normal in mild cases, but usually shows 
some degree of left ventricular preponderance in those which are more 
severe. 
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The chief radiographic features are pulmonary plethora, dilatatio. 
of the main pulmonary artery and its branches, enlargement of the le! 
ventricle, and slight dilatation of the left atrium. The aorta is usual 
well seen and pulsatile. Rarely, calcification highlights the ductus. 


AORTO-PULMONARY SEPTAL DEFECT 


Incomplete division of the truncus arteriosus leaves a communi 
tion between the two great vessels just above the semilunar valves. As 
a rule, such defects are large and complicated by the Eisenmenger re- 
action (vide infra). When less than 0.75 cm. in diameter, however, 
aorto-pulmonary septal defect behaves like uncomplicated patent duc- 
tus, from which it may be impossible to distinguish it at the bed- 
side. In some cases, however, the murmur is lower than in patent 
ductus, and may be exceptionally loud and superficial. 


CYANOTIC FORMS OF CONGENITAL HEART DISEASE WITH 
REVERSED (RIGHT-TO-LEFT) OR BIDIRECTIONAL SHUNT 


THE EISENMENGER GROUP 


Patients with a large communication between the two circulations 
and a high pulmonary vascular resistance over 10 units (800 dynes 
sec./em~) present clinically in more or less similar fashion whatever 
the site of the defect. The term “Eisenmenger’s syndrome,” or pulmo- 
nary hypertension with reversed central shunt, covers about ten different 
anatomical lesions, including patent ductus, aorto-pulmonary septal de- 
fect, persistent truncus, transposition with ventricular septal defect, 
corrected transposition with ventricular septal defect, ventricular septal 
defect itself, single ventricle, persistent ostium primum, atrial septal de- 
fect, and total anomalous pulmonary venous drainage. 

Puysio-PatuoLocy. The essential cause of Eisenmenger’s syndrome 
is a sufficiently large communication between the two circulations to 
ensure a left-to-right shunt of such a magnitude as to maintain the 
pulmonary blood pressure at or around systemic level in the face of 
a falling pulmonary vascular resistance after birth. The severe pulmo- 
nary hypertension so maintained prevents the constricted, thick-walled 
muscular pulmonary arteries of the foetus from relaxing and involuting, 
and so the pulmonary vascular resistance remains relatively high. This 
in turn limits the direct shunt, which in many cases is more potential 
than kinetic. Secondary vascular changes, particularly endarteritis fibrosa 
and thrombo-obstructive lesions, develop gradually as a reaction to the 
severe pulmonary hypertension, and increase the resistance until in 
the end it is well above systemic level, and the shunt almost wholly 
reversed. 
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When the communication is aorto-pulmonary or interventricular, the 
pulmonary artery pressure is identical with the systemic blood pressure, 
difference of resistance in the two circulations being counter-balanced 
by opposite differences in flow. With atrial septal defect, however, the 
pulmonary artery pressure is not the same as the systemic pressure, and 
is usually lower rather than higher. 

Whatever the nature or site of the defect, the shunt is usually bi- 
directional, the net result depending on the relationship between the 
pulmonary and systemic resistances. 

CiinicaL Features. The male/female sex ratio is 1:2 for patent 
ductus, unity for ventricular septal defect, and 1:4 for atrial septal 
defect. 

Symptoms date from infancy in at least 80 per cent of cases in which 
the Eisenmenger reaction is associated with an aorto-pulmonary or 
interventricular communication, particularly the latter, but develop 
relatively late, often in adult life, with atrial septal defect, for in these 
cases pulmonary hypertension is commonly acquired. 

Effort intolerance from dyspnoea averages grade 2 B (moderate to 
considerable) in all types except patent ductus, which is far better 
tolerated. This is because the reversed shunt in patent ductus is de- 
flected down the descending aorta, and therefore provides good cir- 
cumstantial evidence that breathlessness in the Eisenmenger group is 
due to cerebral hypoxia and has little to do with the mechanical proper- 
ties of the lung. 

Angina pectoris and effort syncope each occur in about 10 per cent 
of cases, particularly when the shunt is at ventricular level. 

Haemoptysis occurred in 33 per cent of our 127 cases of Eisen- 
menger’s syndrome.** This is not due to pulmonary hypertension itself, 
for it is a late manifestation, rarely occurring before the age of 20, but 
increases in frequency with age. It is caused by pulmonary thrombus 
and infarction, and was the immediate cause of death in 29 per cent 
of our 42 fatal cases. 

Cyanosis, clubbing and polycythemia are most conspicuous when 
the shunt is interventricular, when they usually date from infancy. 
Reversed shunt from pulmonary hypertension in atrial septal defect 
is nearly always acquired; indeed, 92 per cent of such cases “begin in 
adult life.*?7 In patent ductus cyanosis is usually differential, involving 
the legs only, but the left hand may be intermediate. 

Squatting is uncommon in all types, but when present favours an 
interventricular shunt. 

The venous pressure and pulse are usually normal in all members of 
the Eisenmenger group, but a small dominant a wave is seen in about a 
quarter of them. A giant a wave favors a reversed interatrial shunt, and is 
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seen in about 15 per cent of such cases. Large v waves from tricusp 
incompetence were seen in 5 per cent of our series. 

The cardiac impulse is usually unimpressive, the left ventricle bei: 
impalpable and the right hypertrophied rather than overfilled, as ; 
Fallot’s tetralogy. The most pulsatile right ventricles are seen with atri. 
septal defect, and reflect previous dilatation from increased flow. Seve: 
pulmonary incompetence, however, may give rise to a hyperdynami 
right ventricular impulse in any type of case. Palpable pulmonary arte: 
pulsation occurs in two thirds of all cases, as in pulmonary hypertensioi: 
from other causes. 

Auscultation reveals a sharp pulmonary ejection click, a relatively) 
short pulmonary ejection murmur of moderate intensity, a pulmonary 
diastolic murmur, and accentuation of the pulmonary component of 
the second heart sound in 66 to 80 per cent of all cases. Pulmonary 
hypertension and dilatation of the pulmonary artery are together re 
sponsible for all these signs. 

Right atrial gallop favours atrial septal defect. A thrill accompanies the 
systolic murmur in 10 per cent of all cases, and accompanies the dia- 
stolic murmur also in 10 per cent. 

The second heart sound is single or very closely split with ventricular 
septal defect, normally split with patent ductus and obviously split with 
atrial septal defect. The split widens normally during inspiration with 
patent ductus, but is fixed in cases with atrial septal defect. These facts 
may need a word of explanation. With ventricular septal defect the 
pulmonary and systemic blood flow and resistance are usually much 
the same. With patent ductus increased right ventricular filling during 
inspiration must result in prolongation of right ventricular ejection, for 
the increased volume of blood cannot escape into the systemic circu- 
lation until it has entered the pulmonary artery. With atrial septal 
defect the two atria constitute physiologically a common chamber, and 
inspiration therefore affects both sides of the heart equally. 

The electrocardiogram in Eisenmenger’s syndrome shows the usual 
features of right ventricular preponderance, but is apt to be more florid 
when the shunt is at atrial level. 

Radiologically, the dilated pulmonary artery, constricted peripheral 
pulmonary vessels, and some degree of right-sided enlargement are com- 
mon to all groups. A right-sided aortic arch is seen only in association 
with a ventricular defect. Calcification occasionally identifies a patent 
ductus. Considerable or gross dilatation of the main right branch of 
the pulmonary artery points to atrial septal defect, for it means past 
pulmonary plethora and therefore implies that the Eisenmenger re- 
action is acquired. 

Nore. Aorto-pulmonary septal defect behaves more like ventricular 
septal defect than like patent ductus. 
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A single ventricle is clinically indistinguishable from ventricular septal 
defect. It should be understood that a pan-systolic Roger murmur does 
not ordinarily occur in Eisenmenger’s complex, for there is a relatively 
small bidirectional shunt through a nonobstructing large aperture. Most 
pan-systolic murmurs in Eisenmenger’s syndrome are due to mitral or 
tricuspid incompetence and are especially suggestive of persistent ostium 
primum, 


FALLOT’S TETRALOGY 


The lesions comprising Fallot’s tetralogy are pulmonary stenosis, a 
defect of the ventricular septum, dextroposition of the aortic root and 
right ventricular hypertrophy. The concept that these anatomical de- 
fects always give rise to the same clinical picture is no longer tenable 
in the light of modern haemodynamic studies.?® The problem is relatively 
simple, however, if we consider the fundamental lesions of the tetralogy, 
which are obstruction to right ventricular outflow and a ventricular 
septal defect. The clinical picture varies according to the severity of 
these two lesions, particularly in relation to the degree of stenosis, for the 
ventricular septal defect is nearly always relatively large. In the Fallot 
prototype there are severe pulmonary stenosis and a ventricular septal 
defect measuring between 1.5 and 3 cm. in diameter; this produces a 
decreased pulmonary blood flow and a dominant right-to-left shunt at 
ventricular level. In the “extreme tetralogy of Fallot’*® there is gross 
pulmonary stenosis together with a large ventricular septal defect; this 
gives rise to such a greatly reduced pulmonary blood flow that the lungs 
are supplied by collateral channels from the bronchial arteries. In other 
cases the pulmonary stenosis is less severe and gives rise to the “acya- 
notic Fallot.”*! These cases are acyanotic at rest with a normal or only 
slightly reduced pulmonary blood flow and the interventricular shunt 
is insignificant or bidirectional; on exercise, however, the right-to-left 
shunt increases and cyanosis becomes apparent clinically. 

The remaining two lesions, right ventricular hypertrophy and dex- 
troposition of the aorta, are of less importance. The right ventricular 
hypertrophy is clearly a secondary phenomenon. The role played by 
dextroposition of the aorta is more difficult to assess, but it is probable 
that the relative resistance in the pulmonary and systemic circuits is 
far more important in governing the ratio of pulmonary to systemic 
blood flow than the degree of anatomical override of the aortic root. 


Classic Fallot’s Tetralogy 


Fallot’s tetralogy accounted for 11 per cent of Wood's series of 900 
cases of congenital heart disease. The sex ratio was 7:4 in favour of 
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males.*® Many die in infancy, and there is a second peak of mortality « 
puberty"; a few, however, reach adult life, and cases of remarkab! 
longevity are recorded.®: *® 

The cardinal symptom in the tetralogy is dyspnea on effort, and it 
severity is inversely proportional to the pulmonary blood flow. As a rul 
it is at least moderate in degree, even in acyanotic cases, and it may o! 
course be severe. About three quarters of the children with Fallot’: 
tetralogy “squat” to obtain relief from breathlessness. The haemody 
namic changes resulting from this manoeuvre have been studied recent}; 
by Brotmacher.!* He showed that squatting after effort raised the arterial! 
oxygen saturation by trapping highly desaturated blood in the legs, acut« 
flexion of the hips acting like venous ligatures on the thighs. 

Cyanosis is proportional to the size of the right-to-left shunt and to 
the degree of oxygen unsaturation of the blood shunted. Polycythaemia 
and clubbing ultimately developed in all cyanotic cases, but may be 
absent in infancy and early childhood. 

A less common symptom in the tetralogy is syncope, which occurs 
in about 20 per cent of cases. Attacks may be precipitated by emotional 
disturbance, but often occur with little warning; they are not related 
to effort. In some cases unconsciousness is prolonged and ends fatally. 
Wood** showed that attacks were due not to a fall in systemic periph 
eral resistance, nor to pulmonary vasoconstriction, but to an increase in 
infundibular tone which may convert stenosis into “functional atresia.” 
During an attack the systemic blood pressure is unchanged, the pul- 
monary blood pressure, pulse pressure and flow fall, and the pulmonary 
systolic murmur shortens remarkably or may disappear altogether, while 
the arterial oxygen saturation drops precipitously. 

Puysicat Sicns. Many children with Fallot’s tetralogy are undersized 
and have chest deformities. In the more severe cases mental backward- 
ness is common. The arterial pulse is not remarkable, and the venous 
pulse is frequently normal, but in 20 per cent of cases the a wave may 
be 3 cm. above the v wave. Giant a waves do not occur.** The quietness 
of cardiac pulsation is impressive on palpation. The left ventricle and 
pulmonary artery are impalpable, and pulsation over the right ventricle 
is rarely more than slight. A pulmonary systolic thrill is present in 85 
per cent of cases. The most constant physical signs are a pulmonary 
systolic murmur maximal about the third left interspace, and a single 
second heart sound due to absence of the pulmonary component. This 
murmur is shorter than the murmur of pulmonary stenosis with closed 
intraventricular septum (isolated pulmonary stenosis) because right 
ventricular ejection is less prolonged.** There is no pulmonary ejection 
click or diastolic murmur (unless the pulmonary valve is absent). 

ELECTROCARDIOGRAM. The P wave is frequently peaked, but a true 
P pulmonale is far less commonly seen than in cases of isolated pul- 
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monary stenosis. Wood** found that in Fallot’s tetralogy the P wave 
was less than 3.5 mm. high in the most favourable lead, in 68 per cent of 
his cases. Similarly the ventricular pattern may vary from normal to 
that of extreme right ventricular hypertrophy, but it is of only moderate 
degree in most cases, and according to McGregor** the tall R in Vj, is 
more likely to reflect extreme clockwise rotation than right ventricular 
hypertrophy. 

ROENTGENOGRAPHIC AND ANGIOCARDIOGRAPHIC APPEARANCES. The x-ray 
is frequently typical; the heart is only slightly enlarged, while the ascend- 
ing aorta and aortic knuckle are prominent;** a deep pulmonary bay 
and upwardly tilted apex complete the coeur en sabot appearance. 
The right atrium is normal or only slightly enlarged, while the lungs show 
varying degrees of ischaemia. A right-sided aortic arch is present in 20 
per cent of cases and may be a useful sign in differentiating the tetralogy 
from pulmonary stenosis with reversed interatrial shunt. 

Angiocardiography demonstrates simultaneous filling of the aorta and 
pulmonary artery from the right ventricle and stenosis in the region of 
the right ventricular outflow tract and pulmonary valve. The exact 
anatomy of the stricture is more likely to be seen with selective angio- 
cardiography. The degree of dextroposition of the aorta cannot be 
assessed by comparing the relative densities of the right ventricle and 
aorta, because this is determined by the volume of blood shunted. 
The anatomy of the aortic root and the ventricular septum is best seen 
following angiocardiography in the left anterior oblique position.** 

CarpiAc CATHETERISATION AND Dye Srtupres. Diagnostic features of 
Fallot’s tetralogy include identity of systolic pressures between the right 
ventricle and systemic arteries and a low pulmonary artery pressure. 
It is often difficult to be sure of the exact site of stenosis, the charac- 
teristic pressure pulse of pure infundibular stenosis being rare in Fallot’s 
tetralogy. The catheter may seem to pass directly into the ascending 
aorta from the right ventricle; however, when the left ventricle is en- 
tered, samples show that the right-to-left shunt is mainly interventricular. 
When the left atrium is entered through a patent foramen ovale, the 
pressures in the two atria are identical and left atrial samples are fully 
saturated with oxygen. Dye injections used during cardiac catheterisa- 
tion help to locate the shunt. When dye is injected into the right ven- 
tricle or any site proximal to it, some of it appears prematurely in the 
systemic circulation; when it is injected distal to the site of the shunt, 
the dilution curve is normal. 


Extreme Fallot’s Tetralogy 


In extreme Fallot’s tetralogy a widespread peripheral bronchopulmo- 
nary anastomosis is present. The vessels taking part in the communicat- 
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ing network are very small, and the pulmonary blood flow is great 
diminished. 

Dyspnoea, cyanosis, clubbing and polycythaemia are generally co: 
siderable, but not necessarily greater than in classic Fallot’s tetralog: 
A short ejection murmur is present, unless the aperture in the pulm: 
nary valve has been occluded by thrombus. The pulmonary secon 
sound is absent. 

The electrocardiogram shows a greater degree of right ventricula 
hypertrophy than in classic Fallot’s tetralogy. In the x-ray there is a1 
unusually prominent aorta and conspicuous pulmonary bay. The lungs 
are ischaemic, and a fine reticular network throughout both lungs pro 
claims the peripheral nature of the anastomosis. 


Acyanotic Fallot’s Tetralogy 


These cases are acyanotic at rest, but usually slightly cyanosed on 
effort, at least to a trained observer. The arterial oxygen saturation usu 
ally falls some 10 to 20 per cent on exertion, and this is responsible for 
the breathlessness which is invariably present, and for the squatting 
which occurs in at least 20 per cent of cases. Clubbing, polycythaemia 
and syncope are absent. The distinctive physical sign is the unusually 
loud and long pulmonary ejection murmur, the pulmonary blood flow 
being relatively good and the infundibulum failing to cut it off in late 
systole. 

In view of better left ventricular filling from the lungs, the electro- 
cardiogram shows less right ventricular preponderance than usual in 
this group. For the same reason x-rays may show almost normal appear- 
ances, in respect of both the heart shadow and the pulmonary vascular 
markings. Angiocardiography and dye injections may fail to reveal a 
right-to-left shunt at rest. 

Cases of acyanotic Fallot’s tetralogy are frequently misdiagnosed as 
maladie de Roger or isolated infundibular stenosis of mild or moderate 
degree. Due attention to certain points in the history and examination 
should prevent this error. The chief of these are the absence of symp- 
toms and the clearly audible pulmonary component of the second heart 
sound in both maladie de Roger and relatively mild infundibular 
stenosis. 


Pulmonary Atresia 


In pulmonary atresia there are single or multiple, relatively large, 
proximal bronchopulmonary anastomoses which provide a large aorto- 
pulmonary shunt and so ensure a good flow through the normal left 
and right branches of the pulmonary artery. Indeed, the flow may be 
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greater than normal and in rare instances may have evoked the Eisen- 
menger reaction.** 

In contrast to the extreme Fallot’s tetralogy there is no ejection 
murmur. A unilateral or bilateral continuous murmur, usually best 
heard high up under the clavicles or posteriorly, is almost invariable. 
The pulmonary second sound is absent. 

The electrocardiogram and cardiac silhouette are similar to those 
seen in the extreme Fallot’s tetralogy, but in pulmonary atresia the 
main bronchopulmonary fistulae can usually be seen above one or the 
other hilum close to the mediastinum. 

Angiocardiography shows the features of extreme Fallot’s tetralogy, 
but in addition demonstrates the proximal nature of the bronchopul- 
monary anastomoses. The pulmonary blood flow may be calculated 
by assuming that any arterial sample has the same oxygen content as 
the blood sent to the lungs via the bronchial arteries, and that the 
pulmonary venous blood is 96 per cent saturated. 


PULMONARY STENOSIS WITH REVERSED INTERATRIAL SHUNT 


This type of congenital heart disease presents clinically with cyanosis, 
clubbing, right ventricular hypertrophy, pulmonary stenosis and _is- 
chaemic lungs. It therefore has to be differentiated from Fallot’s tetral- 
ogy. This is not, as a rule, dificult, but there are exceptions which may 
prove very confusing. 

Although much has been made of the delayed onset of cyanosis in 
cases with reversed interatrial shunt, this may be misleading. Squatting, 
however, is three times less common than in the tetralogy. 

Associated congenital anomalies may help in differentiation. De- 
formities of the limbs, including syndactyly and polydactyly, provide 
strong evidence of ventricular septal defect, while arachnodactyly is 
frequently seen in cases of pulmonary stenosis with reversed interatrial 
shunt. In addition, hypertelorism is ten times more common in the latter 
condition than in any other form of congenital heart disease. 

Clinical evidence of a right ventricular pressure well above systemic 
level with prolonged ventricular ejection favours pulmonary stenosis with 
reversed interatrial shunt. The signs indicating this are a giant a wave 
in the jugular pulse, marked right ventricular hypertrophy on palpation 
and electrocardiographically, a prolonged pulmonary systolic murmur 
and occasionally the presence of a faint delayed pulmonary second 
sound. Radiology is particularly helpful in that the heart is usually 
larger than in Fallot’s tetralogy. Post-stenotic dilatation of the pul- 
monary artery is very much the rule, and a right-sided aortic arch is 
extremely rare. Selective angiocardiography excludes pulmonary stenosis 
with reversed interatrial shunt if iodopyracet (Diodone) appears in the 
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aorta immediately after being injected into the right ventricle. Selectiv 
dye dilution curves provide similar crucial information. Cardiac cathe 
terisation reveals a right ventricular pressure above systemic level in 
three quarters of all cases, and when a foramen ovale or atrial septa 
defect is penetrated, samples from the left atrium are desaturated anc 
similar to arterial samples. 


TRICUSPID ATRESIA 


The association of cyanotic congenital heart disease with left ven 
tricular hypertrophy is characteristic of tricuspid atresia. 

Edwards and Burchell'® showed that there were two main types: 
first, uncomplicated cases (type I) in which blood from the right atrium 
entered the left atrium through a patent foramen ovale or atrial septal 
defect and reached the lungs via a ventricular septal defect and pulmo- 
nary artery, or when the pulmonary artery was stenosed or atretic 
through a patent ductus arteriosus or bronchial arteries. In the com- 
plicated cases (type II) there was associated transposition of the great 
vessels. 

In both types, of course, there are the usual symptoms of a cyanotic 
form of congenital heart disease. A giant a wave in the jugular pulse is 
the rule, especially when there is a foramen ovale rather than a large 
atrial septal defect. The other physical signs depend on the nature of 
the associated lesions. 

Radiologically the lungs look ischaemic in type I and plethoric in 
type II. The electrocardiogram shows a conspicuous P pulmonale and 
left ventricular hypertrophy. The diagnosis is best confirmed by means 
of angiocardiography. 


COMPLETE TRANSPOSITION OF THE GREAT VESSELS 


Transposition is the commonest cause of death from congenital heart 
disease during the first year of life. Fifty per cent of cases end in death 
during the first month,!? and the average age of death has been reported 
as three months* and 19 months.?° 

In complete transposition the aorta arises from the right ventricle 
and the pulmonary artery from the left ventricle, so that in the absence 
of an intracardiac shunt there is no communication between pulmonary 
and systemic circulations and life is insupportable. In Abbott’s 94 cases, 
79 had an interatrial communication, 63 a patent ductus and 3] a ven- 
tricular septal defect. 

The majority of infants with complete transposition are deeply cya- 
nosed, but patients that survive infancy may be much less so, consider- 
able mixing of the two circulations being possible through ventricular 
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and atrial septal defects. Effort intolerance is proportional to the cyanosis, 
and squatting is rare. In severe cases the triad of progressive right ven- 
tricular enlargement, plethoric lungs and the development of right 
ventricular failure should suggest the correct diagnosis. In milder cases 
after infancy the signs are variable, depending on the associated lesions. 
The venous pulse will show a dominant a wave in a proportion of cases, 
and the cardiac impulse is usually right ventricular in type. Murmurs 
are absent in at least one third of cases. A pansystolic murmur and thrill, 
however, may indicate a ventricular septal defect, and an ejection mur- 
mur and thrill may be associated with pulmonary stenosis. A pulmonary 
diastolic murmur may also be present if the pulmonary vascular resist- 
ance is high. The second sound is variable; the aortic component is usu- 
ally loud because of the anterior position of the aortic root. The pul- 
monary component will vary, depending on the associated lesions. 

The electrocardiogram shows varying degrees of right ventricular 
hypertrophy. The P waves are abnormal in over half the cases, evidence 
of right atrial hypertrophy being twice as common as combined atrial 
hypertrophy.”° 

A proportion of cases have a typical x-ray, plethoric lungs, moderate 
cardiac enlargement and a narrow vascular pedicle.*® Angiocardiography, 
in the left lateral position, shows the extreme anterior position of the 
aortic root and a varying degree of pulmonary plethora. In addition it 
demonstrates aortic filling from the right ventricle. The intracardiac 
defects which connect the two circulations are rarely well shown. 

Catheterisation demonstrates identical pressures in the right ventricle 
and aorta, and pulmonary artery samples are always more oxygenated 
than those from the aorta. Other findings depend on the associated 
anomalies. If a ventricular septal defect is present, there is usually a 
right-to-left shunt at ventricular level, and with an additional atrial 
septal defect a left-to-right shunt at atrial level. Either of these shunts 
may be bidirectional or reversed if, in addition to transposition, there 
is an increased pulmonary vascular resistance, pulmonary stenosis or 
tricuspid atresia. 

Corrected transposition in which there is transposition of the ven- 
tricle as well as the great vessels and partial transposition with both 
aorta and pulmonary artery in communication with one of the ventricles 
are less common conditions. 


PERSISTENT TRUNCUS 


In this rare condition there is a single trunk arising from both ven- 
tricles, and the pulmonary arteries take their origin from it. The lungs 
are supplied at systemic pressure and will be grossly plethoric unless 
the pulmonary vascular resistance is increased. In this event the clinical 
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picture will simulate Eisenmenger’s complex. If the lungs appear to | 
supplied by a patent ductus or bronchial arteries, the diagnosis is moi 
probably pulmonary atresia. 

When the pulmonary resistance is low and cardiac failure absen 
cyanosis will be slight and effort tolerance good. The venous pulse show 
a small dominant a wave, and the arterial pulse is often water-hamm«c 
in quality. The cardiac impulse is primarily left ventricular, although i 
may be possible to diagnose biventricular hypertrophy clinically. Ther 
is usually an ejection murmur at the base followed by a single seconc 
sound. The valve to the trunk, which as a rule has four cusps, may b« 
incompetent and cause a basal diastolic murmur. The electrocardiogran 
confirms biventricular hypertrophy and may show abnormalities of th« 
P wave arising from both atria. 

Radiologically there is a large heart, plethoric lungs, a marked pul 
monary bay and a very large “aorta.” The main diagnostic difficulty is 
to differentiate this condition from transposition, a situation which is 
usually clarified by angiocardiography. 
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ENDOCARDIAL CUSHION DEFECTS 


Persistent Common Atrioventricular Canal 
and Persistent Ostium Primum 


MILTON HOLIDAY PAUL, M.D. 


The efforts of the pathologist, the cardiologist and the surgeon have 
now merged to provide accurate clinical diagnosis and promising sur- 
gical therapy for the challenging spectrum of congenital heart lesions 
collectively termed endocardial cushion defects. ‘The embryologic rela- 
tionship of these lesions is emphasized by this term, which refers to 
the fetal dorsal and ventral atrioventricular endocardial cushions. Fail- 
ure of these two masses of mesenchymal tissue to develop normally 
and fuse in the midline of the common atrioventricular canal results 
in varying degrees of abnormalities in atrial septation, ventricular septa- 
tion and atrioventricular valve leaflet formation. The ostium primum 
form of atrial septal defect represents the simplest abnormality, and 
the persistent common atrioventricular canal with an ostium primum 
defect above and a ventricular septal defect below represents the 
opposite extreme. 


CLINICAL INCIDENCE AND SIGNIFICANCE 


The clinical incidence of endocardial cushion defects is difficult to 
ascertain at present, since only recently has the clinical diagnosis of 
these lesions been made with a high degree of certainty and ac- 
curacy. 5» 10 Keith, Rowe and Vlad‘ indicate that the common atrio- 
ventricular canal group represents approximately 2 per cent of all con- 
genital heart anomalies in a pediatric population up to 14 years of age. 
Our own recent experiences suggest that one endocardial cushion 
defect presents itself for each seven or eight ventricular septal defects. 

A more realistic estimate of the clinical significance of these lesions 
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can be had from surgical experiences in recent years and from an 
analysis of the prognosis in patients with endocardial cushion defects. 
Various clinics!: 1° have reported that 10 to 15 per cent of the abnor- 
malities encountered during operation for atrial septal defects have 
been of the endocardial cushion defect form. In general, the prognosis 
in patients with these heart lesions has been poor. Infants with per- 
sistent common atrioventricular canal exihibit signs of congestive 
cardiac failure in the early months of life, and over 50 per cent die in 
the first year of life.‘ Children with persistent ostium primum survive 
much longer, but symptoms of cardiac decompensation are usually) 
prominent by the second decade of life, and only a small number 
reach adult life with mild symptoms. 


EMBRYOLOGY OF NORMAL ATRIOVENTRICULAR SEPTATION 


The generic term “endocardial cushion defect” directs attention to 
the site of the developmental defect that, in varying degrees, is com- 
mon to the entire spectrum of specific pathologic abnormalities. 


COMMON 
NORMAL OSTIUM PRIMUM ATRIOVENTRICULAR 
CANAL 
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Fig. 131. Embryologic stages in partitioning of the atrioventricular canal and formation 
of the atrioventricular valve leaflets. (Cross-section view. ) 


In the fifth week of intrauterine life? the primitive heart consists of 
a common atrium and ventricle with a constriction termed the atrio- 
ventricular canal at their junction. Two projections of mesenchymal 
tissue, the endocardial cushions (Fig. 131), develop from the dorsal 
and ventral aspects of the canal. These projections grow towards each 
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other and eventually fuse in the midline and divide the once common 
atrioventricular canal into a right (tricuspid) and a left (mitral) valve 
orifice. 

As the endocardial cushions proceed to divide the atrioventricular 
canal, the partitioning of the common atrium begins with the growth 
of the septum primum from the cephalodorsal aspect of the common 
atrium (Fig. 132). The septum primum grows toward the atrioventric- 
ular canal, and the opening below its free margin forms the ostium 
primum of the interatrial septum. Normally the ostium primum is 


SEPTUM PRIMUM SEPTUM SECUNDUM 
OSTIUM PRIMUM OSTIUM SECUNDUM 
STAGE STAGE 


MM sePTUM PRIMUM (ATRIAL) 

MEMEM SEPTUM SECUNDUM (ATRIAL) 
SEPTUM ( VENTRICULAR 
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Fig. 132. The development of interatrial and interventricular septa. 


obliterated during the sixth week of intrauterine life by fusion of the 
endocushion mass with the lower margin of the septum primum. The 
normal atrial septation process also involves the development of a 
more cephalad secondary opening, the ostium secundum, prior to the 
obliteration of the ostium primum, thus providing a channel by which 
the fetal right and left atria can continue to communicate. Finally, 
the septum secundum arises in the ventral portion of the atrium, 
grows dorsally along the right side of the septum primum, and gradu- 
ally overlaps the ostium secundum, giving rise to the foramen ovale 
and fossa ovalis. 

At the level of the atrioventricular canal the endocardial cushion 
mesenchymal tissue gives rise to the atrioventricular valve leaflets (Fig. 
131). The left portion of the fused cushions forms the anterior (aortic ) 
leaflet of the mitral valve, and the right side forms the septal (medial) 
leaflet of the tricuspid valve. The remaining valve leaflets (posterior 
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mitral and anterior and posterior tricuspid leaflets) are derived from 
endocardial tissue at the lateral aspects of the atrioventricular canal. 
Inferior to the level of the atrioventricular valves the fused endo- 
cardial cushion mass normally participates in the complex ventricular 
septation process. Dorsally, the atrioventricular cushions join the mus- 
cular portion of the ventricular septum, and, ventrally, an extension 
of the right side of the ventral atrioventricular cushion fuses with ele- 
ments from the conotruncal septum and the crest of the muscular 
ventricular septum to form the membranous ventricular septum. 


PATHOLOGY 


Three main pathologic species are derived from the generic embryo-, 
logic endocardial cushion defect. 

/1. If fusion of the dorsal and ventral cushions fails completely, the 
common atrioventricular canal persists with an ostium primum defect 
above and a ventricular septal defect below (Fig. 133, A). The anterior 
leaflet of the mitral valve and the septal leaflet of the tricuspid valve 
are cleft so that there remains an anterior and posterior atrioventricular 
valve cusp common to the two ventricles (Fig. 131). 

/ 2. Partial fusion of the endocardial cushions will result in septation 
of the atrioventricular canal and a less severe type of lesion. Wakai 
and Edwards" have suggested that the persistent ostium primum de- 
fect with cleft anterior mitral leaflet (Fig. 133, B) results from deficient 
fusion of the dorsal and ventral endocardial cushions on their left 
sides only (Fig. 131). Thus the septal leaflet of the tricuspid valve 
and the membranous ventricular septum (both derived from the right 
sides of the cushions) are relatively intact. 

¥3. An intermediate malformation represents a transitional stage be- 
tween the persistent common atrioventricular canal and the persistent 
ostium primum. In this intermediate form the dorsal and ventral cush- 
ions evidently barely succeed in fusing, as manifest by a narrow band 
of valvular tissue which joins the anterior portion of the cleft mitral 
and tricuspid valve leaflets with their respective posterior portions. An 
ostium primum defect is present, but no interventricular communica- 
tion remains. 

The participation of the endocardial cushion mass in the formation 
of the lower portion of the interatrial partition by fusing with the 
septum primum explains the ebligatory quality of the persistence of 
an ostium primum defect in all the varieties of endocardial cushion 

v defects. The ostium primum defect is almost universally associated 
with a mitral valve malformation of varying extent. The anterior 

(aortic) mitral leaflet is usually cleft, although sometimes more com- 

yplex polysegmentation of the leaflet occurs. The tricuspid valve is 
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Fig. 133. Pathology in endocardial cushion defects. Specimens viewed from left side 
of heart. A, Persistent common atrioventricular canal; 1, ostium primum defect; 2, 
common atrioventricular canal and ventricular septal defect; 3, common atrioventricu- 
lar valves (anterior and posterior leaflets). B, Persistent ostium primum with cleft 
mitral valve; 1, ostium primum defect; 2, cleft in mitral valve, aortic leaflet; 3, mitral 
valve, aortic leaflet (anterior and posterior segments). C, Ostium secundum atrial 
septal defect (for comparison); 1, ostium secundum defect; 3, normal mitral valve, 
aortic leaflet. 
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relatively intact in ostium primum defects, but some shortening 0! 
the septal leaflet, without any true cleft, has been observed. 

In the persistent common atrioventricular canal, in addition to th« 

ostium primum defect, there is an interventricular communication in 
ferior to the common atrioventricular valve. This valve (Figs. 131, 133 
is common to both sides of the heart as a result of the continuity of 
the clefts in the mitral and tricuspid valves, and the large anterior and 
smaller posterior leaflet of the common valve are derived respectively 
from the unfused ventral and dorsal endocardial cushions. Numerous 
chordae run between the under surface of the posterior leaflet and the 
upper edge of the ventricular septum, and between these chordae arc 
spaces through which the ventricular cavities are in free communica 
tion. The chordae are usually short and, by preventing free movement 
of the posterior common leaflet, may contribute to valve incompetence. 
vIn addition to the septal lesions directly related to abnormal atrio 
ventricular canal development, it has been noted that endocardial 
cushion defects, and particularly the common atrioventricular canal 
form, have frequently an associated lesion in the form of the ordinary 
ostium secundum atrial septal defect. This finding may be anticipated 
from the embryogenesis of the atrial septum, since the formation of 
a normal septum secundum is dependent to some extent on the pres 
ence of a normal septum primum. 
/In cor biloculare and cor triloculare, hearts in which there is failure 
in the formation of four fundamental heart chambers, persistence of 
the common atrioventricular canal is a frequent defect secondary to 
a more complex embryologic abnormality. The pathologic and clinical 
material presented here is concerned only with congenital heart lesions 
in which the endocardial cushion defect constitutes the major and 
essential abnormality. 


NOMENCLATURE 


In an extensive description of the pathology, Wakai and Edwards"! 
have classified this entire spectrum of abnormalities as examples of 
persistent common atrioventricular canal and designate a (1) complete, 
(2) partial and (3) transitional form. Campbell and Missen* object 
to this nomenclature, which terms the ostium primum defect a form 
of common atrioventricular canal. Considerable confusion has also 
resulted from the use of a single term, persistent common atrioven- 
tricular canal, both as a collective name for the entire group and as 
the term for one specific form. 

Various terms currently in use for these lesions are presented in 
Table 9, and we would urge the use of terminology (first column, Table 
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raABLE 9. Nomenclature of Endocardial Cushion Defects 


ENDOCARDIAL PERSISTENT COMMON ATRIO- 
CUSHION DEFECT VENTRICULAR CANAL 





Persistent ostium primum Endocardial cushion Persistent common atrioven- 
(with cleft mitral valve) defect, group I* tricular canal, partial form f 





Persistent ostium primum Endocardial cushion Persistent common atrioven- 
(with cleft mitral and defect, group II* tricular canal, transitional 
tricuspid valves ) form ¢ 





Persistent common atrio- Endocardial cushion Persistent common atrioven- 
ventricular canal defect, group III* tricular canal, complete 
form t 





* Campbell and Missen.?* 
+ Wakai and Edwards." 


9) that is morphologically specific and descriptive when referring to 
the individual pathologic forms. 


CLINICAL FINDINGS 
General 


The broad spectrum of pathologic abnormalities described indicates 
that the clinician will encounter a wide range of symptoms and physi- 
cal signs in addition to the common group findings that are derived 
from the basic embryologic defect. 

The clinical history often indicates that there have been frequent’ 
respiratory infections. Infants with persistent common atrioventricular 
canal, in particular, are brought for examination in the early months 
of life because of poor weight gain, dyspnea and congestive cardiac 
failure. In contrast, children with persistent ostium primum rarely 
have such difficulties in infancy. 

In the mongoloid infant with congenital heart disease there is a¥ 
30 to 50 per cent possibility that the heart lesion is a persistent com- 
mon atrioventricular canal.* 


Cardiovascular 


The endocardial cushion defects as a group are to be classified as 
acyanotic congenital heart lesions. Mild or moderate cyanosis, however, 
may be observed in the infant, especially when congestive cardiac fail- 
ure exists and in patients of any age when severe pulmonary hyper- 
tension and pulmonary vascular obstruction are present. 

The cardiac impulse is usually hyperdynamic on palpation, and right ¥ 
ventricular enlargement is evident from a systolic thrust prominent 
at the mid and lower left sternal borders. In patients with gross left 
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ventricular enlargement resulting from mitral valve insufficiency there 
is alse a prominent cardiac pulsation at the apex. In common with 
other congenital heart lesions with large left-to-right shunts, the puls.- 
ting and enlarged right or left ventricle leads to visible left-sided chest 
prominence. A systolic thrill is frequently (65 per cent) palpable at 
the lower left sternal border and often also at the apex. A prominet 
apical diastolic thrill has been noted in addition to the systolic thrill 
in elder children with gross left ventricular enlargement. 

On auscultation (Fig. 134) the first heart sound (S,) is often of 
increased intensity at the lower left sternal border, and the second 
heart sound (Sz) is distinctly split at the upper left sternal border, often 
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Fig. 134. Auscultation in endocardial cushion defects. A, Phonocardiogram: ostium 
primum with cleft mitral and tricuspid valves. Apex-stethoscopic tracing. B, Phono- 
cardiogram: ostium primum with cleft mitral valve. Lower left sternal border-logarith- 
mic tracing. C, Phonocardiogram: ostium primum with cleft mitral valve. Lower left 
sternal border-logarithmic tracing. Preoperative and postoperative tracings. 


with accentuation of the pulmonary component. A third heart sound 
(Ss) is commonly heard at the apex. 

A moderately harsh, pansystolic murmur (SM, Fig. 134) is loudest 
at the lower left sternal border or midway between the apex and 
sternum. This murmur, characteristically, is well transmitted toward 
the apex and left axillary area, and there it assumes a softer, more 
blowing quality. The apical murmur is a derivative of the mitral regur- 
gitation commonly associated with endocardial cushion defects. 

A low frequency, rumbling mid and late (presystolic) diastolic mur- 
mur (DM) occurs frequently and is best heard at the apex or between 
the apex and sternum. These diastolic murmurs are presumably deriva- 
tives of (a) the atrioventricular valve abnormalities, and (b) the large 
left-to-right atrial shunt and the resultant functional tricuspid stenosis. 

Severe pulmonary hypertension will modify the previously described 
auscultatory findings and result in a loud, narrowly split second sound. 
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Increased pulmonary vascular resistance with a resultant decrease in 
the left-to-right shunt may be associated with a less prominent systolic 
murmur, and an apical diastolic rumble may not be present. 


Electrocardiogram 


The electrocardiogram has assumed a major role in the diagnosis 
of endocardial cushion defects, since these lesions are associated with 
certain uniform and distinctive electrocardiographic features. 


G.N. CS. S.B. 
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Fig. 135. The electrocardiogram in endocardial cushion defects. 
G.N. CS. S.B. 


Age (years) 8 6 
Pressure (mm. Hg) 

Right ventricle 40/8 110/10 20/7 

Pulmonary artery 40/20 110/50 20/10 
Blood flow (L./min./M?) 

Pulmonary ‘ 12.0 11.5 

Systemic . 3.0 4.2 
Resistance (mm. Hg/L./min./M?) 

Pulmonary ; $2 1.0 


The basic pattern (Fig. 135) consists in left axis deviation in the 
limb leads, associated in the precordial leads with a partial or complete 
right bundle branch block pattern and right, left or combined ventricu- 
lar hypertrophy. The characteristic scalar features of this left axis 
deviation include a predominantly negative deflection in aVF and 
usually a dominant R wave in leads I and aVL and dominant S waves 
in leads II and III. 

In the frontal vectorcardiographic plane (Fig. 136, ostium primum) 
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the early ORS vectors are inscribed upward and leftward in a count 
clockwise rotation, and the ORS loop is mainly superior to the isoek 
tric point. These findings are in distinct contrast to the right ax 
deviation and the ORS vectors characteristically observed in most cascs 
of congenital heart disease with right bundle branch block pattern 
In particular, the electrocardiogram or vectorcardiogram constitutes 
reliable index in the differential diagnosis of ostium primum and 
ostium secundum atrial septal defects (Fig. 136). 


L 
OSTIUM PRIMUM OSTIUM SECUNDUM 











Fig. 136. Vectocardiogram, frontal plane, illustrating the characteristic ORS vectors 
observed in endocardial cushion defects in contrast to ORS vectors of ostium secundum 
atrial septal defect. 


The mean manifest electrical axis of ventricular activation (AQRS) 
varied between the limits of —60 and —175° in the electrocardiogram 
from 16 cases of proved endocardial cushion defect reported by Tos- 
cano-Barbosa et al.!° Our observations on 16 additional patients are 
illustrated in Figure 137. It is important to note that these distinctive 
electrocardiographic patterns have been observed in the newborn and 
infancy periods as well as in older children and adults. 

Left axis deviation of a less degree (0 to —30°) is noted rarely in 
ostium secundum type atrial septal defects. Sodi-Pallares et al.° re- 
ported that 87 per cent of endocardial cushion defects had a mean 
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electrical axis (AQRS between 0 and —180°, whereas 96 per cent of 
the ostium secundum defects had an axis between 0 and +180°. It 
has also been reported‘ that a ventricular septal defect, alone or in 
combination with an ostium secundum or patent ductus arteriosus, 
may infrequently present electrocardiograms of close approximation to 
the typical endocardial cushion defect pattern. Despite these excep- 
tions, Our own observations and the extensive experience of the Mayo 
Clinic* (58 proved cases) indicate that the electrocardiogram is a 
remarkable diagnostic tool. It is often the primary consideration in 
deciding the surgical approach in clinics where the ordinary ostium 
secundum atrial septal defect is repaired by a closed well technique 


-90 


90 


Fig. 137. Mean manifest electrical axis of ventricular activation (AQRS in 16 
patients). 


or with hypothermia, since endocardial cushion defects require open 
cardiotomy and total cardiopulmonary bypass for successful total repair. 

In addition to providing a diagnostic pattern in terms of the collec- 
tive endocardial cushion defect group, the electrocardiogram provides 
some insight into the specific hemodynamic status. Three broad groups 
may be differentiated primarily on the basis of the precordial leads 
(Fig. 135). 

1. Incomplete right bundle branch block pattern in V; and no 
dominant ventricular hypertrophy. This group corresponds hemodynam- 
ically to cases with high pulmonary blood flow, slight or no pulmo- 
nary artery hypertension and normal or low pulmonary vascular re- 
sistance. 

2. Tall R or R’ in V; indicating dominant right ventricular hyper- 
trophy, corresponding to cases with increased pulmonary blood flow, 


Personal communication. 
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but severe pulmonary hypertension and increased pulmonary vascu'ar 
resistance. 

3. Tall R in left precordial leads, V¢, corresponding to cases with 
high pulmonary blood flow, slight or no pulmonary artery hypertension 
and low pulmonary vascular resistance in association with mitral valve 
insufficiency or a large left-to-right shunt at the ventricular level. 

It has not been possible to explain completely the distinctive left axis 
deviation pattern of the endocardial cushion defect group on the basis of 
any common anatomic or physiologic abnormality. The Mayo Clinic 
group’? indicates that the characteristic electrocardiogram is not de- 
pendent on the presence of mitral regurgitation and accordingly favor 
the hypothesis that there exists in these lesions a fundamental alter- 
ation in the ventricular excitation pathways. 

Two additional nonspecific abnormalities were frequently observed 
in the electrocardiographic tracings of our 16 patients: abnormal atrio- 
ventricular conduction with prolonged P-R intervals (10 patients) and 
evidence of right (nine patients) and left (nine patients) atrial en- 
largement or hypertrophy with tall, peaked P waves in lead II and 
broad, notched P waves in leads I and II. 


RADIOLOGIC EXAMINATION 


The heart is always enlarged (Fig. 138), and the most prominent 
features of the cardiac contour in the posteroanterior view are the 
full right atrial curve and the prominent, convex left border. These 
findings are indicative of right atrial and right ventricular enlargement. 
In the left anterior oblique view there is often evidence of left ventricu- 
lar enlargement; the estimation of left ventricular size is difficult, how- 
ever, when associated with right ventricular enlargement. The left 
ventricular enlargement is considered to reflect the insufficiency of 
the mitral valve associated with the endocardial cushion defect. In 
contrast, the left ventricle in the secundum form of atrial septal defect 
is always normal or small in size. The pulmonary vascular markings 
are always prominent, indicating an increased pulmonary blood flow, 
unless severe pulmonary vascular obstructive changes prevent a signifi- 
cant left-to-right shunting of blood. 


CARDIAC CATHETERIZATION 


Cardiac catheterization studies are undertaken in the patient with 
a suspected endocardial cushion defect with two objectives: first, to 
aid in establishing the diagnosis and, second, to assess the hemody- 
namic status with reference to the advisability of surgical therapy. The 
presence of an endocardial cushion defect may be strongly suggested 
on the basis of the catheterization findings. 
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Fig. 138. Roentgenograms in endocardial cushion defects. A, Common atrioventric- 
ular canal in infant aged 6 months. Left, Posteroanterior view; right, left oblique 
anterior view. B, Ostium primum with cleft mitral valve in patient aged 13 years. Left, 
Posteroanterior view; right, left anterior oblique view. C, Posteroanterior view; 3 
patients with ostium primum defect. 


The pulmonary blood flow is increased, owing to the large left-to- 
right shunt at the atrial (or atrial and ventricular) level. In 16 pa- 
tients, varying in age from six months to 14 years, the caleulated 
pulmonary blood flow ranged from 1.7 to 5.2 (average, 3.1) times the 
systemic blood. In 12 of these 16 patients there was evidence of addi- 
tional arterialization in the right ventricle over that demonstrated in 
the right atrium. 

The pulmonary artery pressure can range from normal to systemic 
levels. It has been suggested that the presence of severe pulmonary 
artery hypertension favors the diagnosis of a persistent common atrio- 
ventricular canal rather than an ostium primum defect. The calculated 
pulmonary vascular resistance, expressed as the pressure gradient (milli- 
meters of mercury) required to perfuse the pulmonary vascular bed with 
blood at a rate of 1 liter per minute per square meter of body surface 
area (mm. Hg/L./min./M?), can vary from normal levels (1 to 3 
units) to systemic levels (15 to 20 units). In the presence of a normal, 
low pulmonary vascular resistance large left-to-right shunts predom- 
inate; however, as the pulmonary vascular resistance approaches the 
systemic resistance, the magnitude of the left-to-right shunt decreases, 
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and a right-to-left shunting of blood occurs. The highest pulmona 
vascular resistance encountered in our group of children was 5.2 un 
(C.S. in Fig. 135), and only five patients had values greater than thi 
units. Systemic arterial oxygen saturation was within normal lim: s 
(95 to 98 per cent) in all but the five patients with increased pulmo- 
nary vascular resistance, and the lowest arterial saturation in this 
group was 84 per cent. 

Although atrioventricular valve abnormalities are frequent and u 
doubtedly lead to significant mitral and tricuspid insufficiency, tli 
atrial pressure tracings do not often show regurgitant pressure pulses 
and do not contribute any significant differential diagnostic data. 

In general, three aspects of the cardiac catheterization have been 
found useful in distinguishing the endocardial cushion defect from 
the usual secundum form of atrial septal defect. 





OSTIUM SECUNDUM OSTIUM PRIMUM 


Fig. 139. Diagram of the course of the cardiac catheter through the atrial defect. 
Note that the catheter shaft takes a much lower position in the cardiac silhouette in 
the ostium primum (endocardial cushion) defect. 


The first and perhaps most reliable observation is derived from the 
position and mobility of the catheter once it has been manipulated 
into the left ventricle. In the endocardial cushion defect (Fig. 139) 
the catheter shaft takes a much lower position in the cardiac silhouette 
as it traverses the septal defect to the left atrium and left ventricle 
than it does in the ostium secundum form of atrial septal defect. An 
additional finding in support of the diagnosis of an endocardial cushion 
defect has been noted during the slow, deliberate withdrawal of the 
eatheter from the left ventricle with continuous pressure tracings (Fig. 
140). In some patients the pressure curves change abruptly from left 
ventricular form to right ventricular form without any intervening 
atrial pressure pulses. This maneuver does not necessarily indicate that 
a common atrioventricular canal rather than a persistent ostium pri- 
mum is present, since it has been observed in two patients with sur- 
gically verified ostium primum defects. It is distinctly advantageous 
to use the saphenous vein for catheterization in all patients with sus- 
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pected interatrial communications, since the inferior vena cava ap- 
proach will lead to traversing this defect with ease much more fre- 
quently than does the superior vena cava approach. 

The second distinguishing catheterization finding is the detection 
of a left-to-right shunt both at the atrial and at the ventricular level. 
I'here was evidence of significant additional arterialization in the right 
ventricle over that demonstrated in the right atrium in 12 of our 16 
patients. Since several of these patients were found to have only an 
ostium primum atrial defect at operation without any ventricular septal 
defect, this double level arterialization finding probably represents a 
blood-streaming phenomenon due to the proximity of the defect to the 


mm. Hg 
120 


60 
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Fig. 140. Continuous pressure tracings obtained during slow withdrawal of catheter 
from left ventricle (LV) to right ventricle (RV), illustrating the absence of any 
intervening atrial pressure pulses. 


tricuspid valve. Additional arterialization of the right ventricle over 
that present in the right atrium is rarely observed in ostium secundum 
defects. 

A third distinguishing feature derived from indicator dilution curves 
obtained at cardiac catheterizations has been noted by the Mayo Clinic 
group.'* The endocardial cushion defect, in contrast to the ostium 
secundum atrial septal defect, does not show preferential left-to-right 
shunting of blood from the right lung. In the secundum defect a greater 
proportion of right lung blood is shunted left to right than left lung 
blood because of the close anatomic proximity of the right pulmonary 
veins to the atrial septal defect. 


THERAPY 


Many infants with a common atrioventricular canal lesion have 
svmptoms in the first months of life, and vigorous therapy with digi- 
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talis, diuretics, antibiotics and oxygen is essential for salvage. Despi« 
adequate medical care the mortality in this group is high (50 per cet 
die in the first year of life), and operation must seriously be consider d 
at the earliest age consistent with reasonable success. Successful oper: 
tion has been accomplished in a one-year-old infant with preoperati\ « 
pulmonary artery pressures of 90/50 mm. of mercury. Approximate); 
four years postoperatively the pulmonary artery pressures were normal 
(20/4 mm.), the arteriovenous shunt was completely abolished, and 
the patient was active and free of symptoms.® 

Although the technical aspects of intracardiac reparative surgery arc 
not excessive in infancy, general experience has indicated that there is 
a high surgical risk associated with respiratory complications when 
open heart surgery is performed in children under the age of two 
years. In patients with a persistent ostium primum defect surgical 
therapy is usually not urgent during infancy and is preferably post 
poned until after the age of three years. In any event, operation should 
be performed whenever possible before congestive failure and cardio- 
megaly progress and contribute to a considerably increased surgical 
risk. A significant number of patients with endocardial cushion defects 
may reach adult life with only mild symptoms; nevertheless reparative 
open heart surgery is indicated, since few of these patients survive 
beyond the third decade of life. 

Surgery is contraindicated at present, because of excessive operative 
risk, in patients with severe pulmonary hypertension associated with 
increased pulmonary vascular resistance, little or no left-to-right shunt, 
and a significant or dominant right-to-left shunt. No single quantita- 
tive expression or category of “inoperability” is currently agreed upon 
except when the pulmonary vascular resistance is so greatly increased 
that the predominant shunt is right to left. 

When the diagnosis of endocardial cushion defect is certain or sus- 
pected in a surgical candidate, open cardiotomy with a pump oxy- 
genator and total cardiopulmonary bypass is indicated. Surgical repair 
consists in obliteration of the mitral (and tricuspid) cleft by careful 
suturing and closure of the septal defects with an appropriate poly- 
vinyl sponge patch held in place with interrupted sutures. Surgically 
induced complete heart block has been reported to be twice as fre- 
quent in endocardial cushion defect repair as in ventricular septal 
defect surgery,® and considerable care must be exercised in the place- 
ment of sutures, since the atrioventricular conduction bundle always 
skirts the lower margin of the septal defect.5 

Surgical results are encouraging, particularly in the ostium primum 
form, in which the operative mortality is about 5 per cent. Loud 
murmurs and intense cardiac thrills have been noted postoperatively 
to be diminished (Fig. 134) or to have completely disappeared. Cardio- 
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megaly usually decreases significantly, and most patients have experi- 
enced symptomatic improvement. In persistent common atrioventricu- 
lar canal the operative mortality at present is considerably greater, 
about 35 per cent, and thus reflects the more formidable reparative 
technical problem, the more frequent incidence of severe pulmonary 
hypertension, and the increased risk currently associated with open 
heart surgery in the infant. 


SUMMARY 


Failure of the embryologic endocardial cushions to develop normally 
and fuse in the midline of the common atrioventricular canal results in 
varying degrees of abnormalities in atrial septation, ventricular septa- 
tion and atrioventricular valve leaflet formation. 

The specific pathologic abnormalities derived from this embryologic 
lesion vary from the simple persistent ostium primum atrial septal 
defect to persistent common atrioventricular canal. Atrioventricular 
valve malformations of varying extent (medial mitral and tricuspid 
leaflets) are almost universally present. 

Clinical data indicate that generally the heart enlarges early, and 
symptoms appear in infancy (common atrioventricular canal) or child- 
hood (ostium primum). Severe pulmonary hypertension is common in 
the persistent atrioventricular canal group, and death frequently occurs 
in infancy. 

The electrocardiogram has assumed a major role in the diagnosis of 
endocardial cushion defects, since these lesions are associated with 
uniform and distinctive electrocardiographic features. The basic pat- 
tern consists of left axis deviation in the limb leads with a partial or 
complete right bundle branch block pattern in the precordial leads 
and right, left or combined ventricular hypertrophy. 

Considerable progress has now been made in the surgical treatment 
of these lesions, particularly the persistent ostium primum defect. 
Surgical repair consists in obliteration of the mitral (and tricuspid) 
leaflet cleft by suture and closure of the septal defect with an appro- 
priate polyvinyl sponge patch. The operative mortality in ostium 
primum defects has been about 5 per cent, and postoperative clinical 
and catheterization findings indicate that operation has generally been 
beneficial. 
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THE HYPOPLASTIC LEFT 
HEART SYNDROME 


An Analysis of 101 Cases 


JACQUELINE A. NOONAN, M.D. 


ALEXANDER S. NADAS, M.D. 


The hypoplastic left heart syndrome is a term coined by Lev** to de- 
scribe a group of anomalies having as a common denominator an 
obstructive lesion (atresia or stenosis) on the left side of the heart. 
The spectrum of hypoplasia of the left side of the heart ranges from 
a mere vestigial left ventricle in cases with both aortic and mitral valve 
atresia to lesser forms of this syndrome (hypoplasia of the aortic arch) 
in which only a relative underdevelopment of the left ventricle exists. 
In all instances the pulmonary artery is large and the right ventricle 
dilated and hypertrophied. There is no transposition of the arterial 
trunks. 

A variety of pathologic complexes may give rise to this syndrome. 
Although the exact clinical profile depends in part on the particular 
lesions present, most patients bear a striking resemblance to one an- 
other. Clinical discussions in the past were usually limited to one par- 
ticular complex with no attempt to discuss the syndrome as a whole. 
In this clinic the various groups of clinical lesions forming the syndrome 
will be discussed and compared, and an attempt will be made to point 
out the similarities of the group so that a diagnosis of the syndrome, if 
not the exact entity, can be established premortem. A clinicopathologic 
study of such cases seen at the Children’s Medical Center in Boston 
over the past nine years will form the basis for this discussion and in 
addition material from the literature will be included. 


From the Department of Pediatrics, Harvard Medical School, and The Sharon Cardio- 
vascular Unit, The Children’s Medical Center, Boston. 
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INCIDENCE 


In reviewing the postmortem records at the Children’s Medical Ce: 
ter for the past nine years, 101 patients with the syndrome under d 
cussion were found; about one such infant comes to autopsy each mont 
In an average year between 70 and 80 postmortem examinations ai 
performed on children with various forms of heart disease in this ho 
pital. Therefore these patients comprise approximately 15 per cent ot 
the autopsied cases of heart disease here. If only infants under onc 


rABLE 10. 101 Patients with Hypoplastic Left Heart Syndrome Seen at the Children 
Medical Center, Boston, 1949-1957 Inclusive 


NUMBER OF PATIENTS 





Aortic valve atresia........ 15 

With mitral atresia... .. ie 2 

With mitral hypoplasia....... 13 
Mitral atresia... .. ae 5 
Mitral stenosis. . —e 4 
Atresia of transverse aortic arch....._. 6 
Hypoplasia of aortic arch. . aa 
Weck aree os 101 





Patients with more than one of these findings are listed under the principal lesion 
only (see text). 


TABLE 11. Ages at Death of the 101 Patients Listed in Table 10 





AGE AT DEATH NUMBER OF PATIENTS 
Under 72 hours. . 16 
4-14 days.. 27 
15-35 days. . 22 
6-12 weeks. . 17 
314%-6 months. . 10 
7-12 months. . : 3 
2-6 years... 3 
7-13 years. . _3 
_ ROPER RTS RIP Seg cP ME Rapala tr re 101 


month are considered, this group ranks second to transposition as the 
leading cause of death in infants with congenital heart disease. 

Table 10 lists the various forms of this syndrome and the total num- 
ber of patients in each group. A number of patients had more than one 
of the entities listed. These are included only under the grouping of 
the more severe lesion (e.g., aortic atresia). The mitral stenosis group 
includes only patients with no additional left-sided obstructive lesion. 
The remaining patients with mitral stenosis are listed under the appro- 
priate associated abnormality (e.g., hypoplasia of the aortic arch). There 
were 59 males and 41 females. In Table 11 the ages at death of these 
101 patients are summarized; this varied from stilibirth to 12 8/12 years. 
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Sixty-five per cent were dead by the end of 35 days and 82 per cent by 
three months. 


PATHOGENESIS 


No universally excepted explanation of the pathogenesis of this syn- 
drome exists. However, premature closure of the foramen ovale and 
consecutive absence of the physiologic right-to-left shunt during fetal 
life have been implicated by several authors. ** 4 Premature closure of 
the foramen ovale has only rarely been recorded in the literature; since 
the foramen ovale is anatomically closed in 55 per cent of the routine 
autopsy cases over one year of age and in 71.7 per cent®® of those over 
20 years, the significance of finding a “closed forame ~” is never certain. 
Nevertheless, it should be mentioned that less than 1 per cent®® of the 
routine autopsies on infants under one week of age demonstrate an 
anatomically sealed foramen. It is interesting to note that every one of 


rABLE 12. Significant Family History Noted among the 101 Patients Studied 





PERTINENT FAMILY HISTORY NUMBER OF 

PATIENTS 
Congenital heart disease in siblings... . . 4 
Congenital heart disease in more remote relatives. . . 3 
Siblings or parent with noncardiac congenital anomalies. . . a 
Family history of diabetes.... . 11 
Previous history of miscarriages in mother.... . 11 


20 cases of definite premature closure of the foramen ovale collected 
from the literature’ 1" %4. 51 (stillbirth to five weeks of age) showed 
evidence of congestive cardiac failure. In 16 of the 18 cases in which 
the left ventricle was mentioned it was hypoplastic. From the rarity of 
this condition and the high incidence of left ventricular hypoplasia in 
the reported cases it would seem that more than a chance relation exists. 

In most people’s minds a more likely genesis, however, in the majority 
of cases is that of a developmental anomaly. A third theory postulates 
an abnormally large ductus which favors the flow of blood from the 
pulmonary artery to the descending aorta and deprives the left ventricle 
and ascending aorta of normal blood flow in fetal life. A cursory review 
of the literature failed to uncover any obvious intrauterine insults in 
the gestational history of most cases. 

In our material the prenatal history was in general unremarkable. 
\ family history of possible significance was noted in a rather high 
percentage of cases and is summarized in Table 12. Associated non- 
cardiac anomalies occurred in 37 per cent and are summarized in Table 
13. 


The foramen ovale was patent in the majority, but in many of the 
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older patients it was anatomically closed. There were seven patient 
with a completely sealed foramen ovale and thickening of the mem 
brane. The foramen ovale appeared abnormal in all these, and, althoug! 
not proved, premature closure may well have occurred. These seve: 
patients had endocardial fibroelastosis of the left atrium, and all hac 
an abnormal mitral valve ranging from stenosis in five to complet 
atresia in two. In addition, a hypoplastic aortic arch was noted in five 

The other striking finding at postmortem was the presence of mild 
to severe endocardial fibroelastosis (EFE) in 47 patients. The left ven 
tricle and the left atrium were the usual sites, but frequently the mitral 
valve or aortic valve was similarly affected. The association of EFI 


> 


rABLE 13. Noncardiac Anomalies Occurring in 37 Patients (Multiple Anomalies 





Frequent) 

ANOMALY NUMBER OF PATIENT 

Meckel’s diverticulum........ aut .11 

Genitourinary anomalies. . . as 10 

Multiple spleens... . a 

Skeletal anomalies... . 7 

Central nervous system anomalies... . 6 

Malrotation of intestines... . 6 

Harelip and cleft palate... . 6 

Cleft palate alone. 2 

Tracheo-esophageal fistula. . 5 

Diaphragmatic hernia. 5 

Imperforate anus..... 2 

Mongolism... . 1 


with left-sided obstructive lesions has been noted frequently in the 
literature.” §. % 14, 25, 27 


AORTIC VALVE ATRESIA 
Pathophysiology 


Atresia of the aortic valve with hypoplasia or actual atresia of the 
mitral valve causes profound circulatory disturbances. The left ventricle 
is essentially nonfunctioning, and in cases with both aortic and mitral 
atresia it is only a vestigial structure. An atrial opening or anomalous 
pulmonary venous return in addition to a patent ductus arteriosus is 
necessary to maintain a more or less adequate circulation. The ductus 
arteriosus through retrograde flow supplies the coronaries and carotids 
and also joins with the descending aorta to supply the rest of the systemic 
circulation. Systemic and pulmonary arterial blood is comprised of 
mixed right and left atrial blood. The right ventricle must maintain both 
the pulmonary and systemic outputs. It is little wonder that right-sided 
failure and severe generalized anoxia result and early death occurs. In 
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cases with a patent but hypoplastic mitral valve a ventricular defect may 
also help maintain an adequate pulmonary blood flow. 


incidence 


Aortic atresia is an uncommon anomaly. Abbott? reports an incidence 
of 12 in 1000 malformed hearts. Friedman et al.?!: 2? report a total of 
44 cases of primary aortic atresia and 45 cases of combined aortic and 
mitral atresia from the literature.*: 15. 21, 36, 38, 42, 48, 49 

Among the 15 patients autopsied at the Children’s Medical Center 
were nine with primary aortic valve atresia, two with combined aortic 
and mitral valve atresia, and four with aortic stenosis with only a pin- 
point opening. In the last group obviously some oxygenated blood may 
be propelled through the diminutive left ventricle and tiny aortic valve; 
coronary and carotid perfusion should thus be better in such cases. Of 
these 15 patients, 10 were male and five were female. This predominance 
of males over females has also been noted in the literature. 


Clinical Picture 


Although patients with such a severe anomaly would be expected to 
be born cyanotic and very sick, it is not uncommon for these infants 
to appear normal at birth and indeed to do quite well for short periods. 
Nine patients in our study were considered normal at birth. Of these, 
four had a sudden onset of cyanosis and respiratory distress by the end 
of 24 hours and were dead by 48 hours. The remaining six patients 
were described as cyanotic or pale and weak from birth. 

All these infants were seriously ill on admission, and some were even 
moribund. Eleven were described as cyanotic, two were pale, and one 
was icteric. A nonspecific, soft systolic murmur was audible over the 
precordium in only 10 patients; in three of these a mid-diastolic rumble 
at the apex was also heard. Tachycardia, tachypnea, dyspnea, hepa- 
tomegaly and gallop rhythm were present in most. Peripheral pulses 
were frequently weak in these infants, and the femorals were often 
not palpable. Flush blood pressure determinations showed no signifi- 
cant difference between upper and lower extremities. 

Roentgenograms revealed nonspecific cardiac enlargement of mod- 
erate to marked degree in most. Figure 14] shows the films of two 
patients with aortic atresia and two with both aortic and mitral atresia. 
A complete 12-lead electrocardiogram was obtained in nine patients. 
Right axis deviation, P pulmonale and right ventricular hypertrophy 
with S-T and T wave changes were found in seven. Left axis deviation 
with right ventricular hypertrophy was noted in one patient with aortic 
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eH bh FLEE 





i a ; 
Fig. 141. A, Two-day-old infant with aortic valve atresia and associated duodenal 
atresia. B, Infant with aortic atresia who survived to 8 weeks. C, Three-months-old 
patient with atresia of both aortic and mitral valves. D, Four-months-old infant with 
same findings as in C. 


and mitral atresia.44 Another patient with severe aortic stenosis and 
endocardial fibroelastosis of the left ventricle had a normal axis and 
left ventricular hypertrophy. At postmortem the left ventricle in this 
latter case had a small cavity, but was hypertrophied, measuring 0.7 to 
1.1 cm. 


Autopsy Findings 


At postmortem a small left ventricle, hypoplastic ascending aorta, 
and patent ductus arteriosus were found in all. An anatomically patent 
foramen ovale was noted in 10, and a secundum atrial septal defect 
and atrioventricularis communis in one each. The atrial septum was 
described as closed in three cases. In one of these three oxygenated 
blood was shunted from the left atrium via a persistent levocardial vein 
to the right superior vena cava. Another of these patients had a patent 
mitral valve and a stenotic, but still patent, aortic valve. In the third, 
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dying at the age of eight weeks with aortic atresia, no obvious connec- 
tion between pulmonary venous return and the right ventricle was 
found. Thirteen patients had an intact ventricular septum. One patient, 
a mongolian idiot, had an atrioventricularis communis, and one patient 
with aortic stenosis had a ventricular septal defect. 

Twelve patients, all with a patent mitral valve and an intact ven- 
tricular septum, had significant endocardial fibroelastosis (EFE) of the 
left ventricle. This fact and the nearly uniform absence of EFE in infants 
with associated mitral atresia suggest that in addition to anoxia a con- 
tracting left ventricle may be necessary in the etiology of EFE.* *7 

Noncardiac anomalies were present in six patients, accessory spleens 
in three, renal anomalies in two, duodenal atresia, mongolism, and hare- 
lip with cleft palate in one each. 


Diagnosis 


The sudden onset of respiratory distress and other signs of congestive 
cardiac failure in an infant under one week of age who may or may not 
have a significant murmur should suggest the diagnosis of aortic atresia. 
Moderate cardiac enlargement by x-ray examination and an electro- 
cardiogram showing right axis deviation, right ventricular hypertrophy, 
P pulmonale, and S-T and T wave changes would support such a diag- 
nosis. Angiocardiography has been suggested as a useful tool?® in estab- 
lishing a premortem diagnosis. 

Differential diagnosis should include, of course, other forms of the 
hypoplastic left heart syndrome. In addition, transposition of the great 
arteries should be considered; such patients are more deeply cyanotic, 
however, and their roentgenograms are more specific in relation to 
cardiac contour and pulmonary vasculature. 


Treatment and Prognosis 


Medical treatment is of temporary value only, and the prognosis is 
uniformly poor. Surgical correction is not possible at present, though 
enlarging the atrial opening might afford temporary improvement. 

Seven patients were dead by 72 hours of age, and none survived past 
four months. The two patients with both aortic and mitral atresia sur- 
vived to three and four months respectively. Among the patients with 
pure aortic atresia, six died before the third day of life, one died at 11 
days, and another at eight weeks. The one patient with aortic atresia and 
a persistent atrioventricularis communis survived to 2144 months. Of 
the four patients with maximal aortic stenosis, one was stillborn, and 
the others lived to 11, 13 and 21 days respectively. 
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MITRAL ATRESIA 
Pathophysiology 


In mitral atresia without aortic atresia, but with a hypoplastic le! 
ventricle, a left-to-right shunt through an atrial opening or anomalou 
pulmonary venous return is essential. Mixed right and left atrial blood 
then reaches the systemic circulation in one of two ways. In the great 
majority a ventricular septal defect is present, and a right-to-left shunt 
through this into the dextroposed aorta is the course of the systemi: 
flow. The ascending aorta is usually relatively normal in size in contrast 
to the patients with aortic atresia. In the rare instances without a ven 
tricular septal defect the circulation is identical with that found in aortic 
atresia, and of course the ascending aorta would be rudimentary. 

Cardiac catheterization and angiocardiography were performed in 
one of our patients. The catheterization demonstrated a left-to-right 
shunt at the atrial level and a right-to-left shunt at the ventricular level. 
The angiogram demonstrated simultaneous filling of the pulmonary 
artery and aorta from the right ventricle. Differential pressure measure 
ments in the aorta and femoral artery confirmed the clinical impression 
of a coarctation of the aorta. An arterial saturation of 83 per cent was 
noted. 


Incidence 


Isolated mitral atresia with a hypoplastic left ventricle is a rare 
anomaly. Friedman” in his review of the literature was able to collect 
1] cases. In the study at Children’s Medical Center there were five such 
infants. 


Clinical Picture 


The clinical picture is similar to that of aortic atresia. In general, these 
infants are thought to be normal at birth. One of our infants with 
tracheo-esophageal fistula had respiratory distress from birth and died 
two days after operation for the fistula. The other four patients exhibited 
symptoms at five days, eight days, two weeks and six weeks respectively, 
which is considerably later than the majority of patients with aortic 
atresia. 

Pallor and mild cyanosis are the rule. Congestive failure with hepato- 
megaly and dyspnea is usually present. An associated coarctation of the 
aorta (present in three of our patients) may be manifested by a relative 
hypertension of the upper extremities. In four patients a harsh systolic 
murmur along the left sternal border was described, and the second 
sound was increased in intensity. 
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The electrocardiogram showed right axis deviation in three and left 
axis deviation in one. All four had right ventricular hypertrophy with 
S-T and T wave changes. In two there was evidence of right atrial enlarge- 
ment and in two, first-degree atrioventricular block. Roentgenograms 
showed right-sided cardiac enlargement. A narrowed cardiac waist was 
noted in two. Pulmonary vasculature was described as increased in two 
and definitely diminished in one. In one patient questionable left atrial 





Fig. 142. A, Four-week-old female infant with mitral atresia, ventricular defect, and 
dextroposed aorta. Note globular heart with narrow waist. B, Five-week-old male 
infant with same anatomic defects. Note cardiac enlargement with prominent pul- 
monary vasculature and passive congestion. 


enlargement was noted. Figure 142 shows the roentgenograms of two 
of these patients. 


Autopsy Findings 


All our patients had a ventricular defect, a patent ductus arteriosus and 
an atrial opening. In four the aorta was described as overriding, and in 
one it was anterior to the pulmonary artery, but arose from the left 
ventricle (“corrected transposition”). A “preductal” coarctation was 
noted in three patients. Only one infant had an associated noncardiac 
anomaly, namely, a tracheo-esophageal fistula with esophageal atresia. 


Diagnosis 


Mitral atresia with a hypoplastic left ventricle is difficult to differ- 
entiate from other forms of the hypoplastic left heart syndrome. In 
general, the life span and age at onset of symptoms tend to separate this 
group from the patients with aortic atresia, although the two groups 
overlap. Cardiac catheterization and angiocardiography may be of use 
in establishing a premortem diagnosis. 
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Treatment and Prognosis 


No surgical procedure to correct this anomaly is available. Enlargin 
the atrial opening would afford only temporary relief. Unlike the patient 
with aortic atresia, response to medical therapy in these patients, a 
though not dramatic, was at least encouraging. Death did not occur fo 
three weeks or longer after onset of symptoms in four of our patients 
Although medical therapy may prolong life, the prognosis is uniform) 
poor. 

Age at death was two days in the infant with an associated tracheo 
esophageal fistula. The others survived four weeks, five weeks, 31, 
months and six months respectively. It is postulated that survival is 
longer because cerebral and coronary perfusion is better than in cases 
with aortic atresia. 


MITRAL STENOSIS 


Pathophysiology 


Mitral stenosis as the sole obstructive lesion on the left side and 
associated with a hypoplastic left ventricle was noted in four patients. 
From review of the few similar cases in the literature‘: '*: 1 2°. 28 
our own, associated cardiac defects are common, and the pathophysiol- 


ogy depends in part on these additional lesions. In all an elevated left 


and 


atrial pressure and consequent increase in pulmonary artery pressure is 
to be expected. In two cases from the literature,*: #® documented by 
catheterization, right-to-left shunting of blood through a patent ductus 
arteriosus was demonstrated. In two of our patients and in one from the 
literature a ventricular septal defect with a somewhat dextroposed aorta 
was the associated lesion. Right-to-left shunting through this ventricular 
defect as evidenced clinically by cyanosis and clubbing was present in 
all three. In all patients with mitral stenosis pulmonary vascular changes 
can occur which narrow the pulmonary bed and reduce blood flow to the 
lung. As the pressure in the right ventricle rises to systemic levels, right 
to-left shunting of blood through a ventricular defect or patent ductus 
arteriosus may occur. In patients with no associated intracardiac defects, 
and therefore no escape valve, severe congestive changes in the lungs 
may result. Our one patient with no associated intracardiac defects died 
suddenly from pulmonary edema. 

Unlike cases with aortic or mitral atresia, a left-to-right shunt at the 
atrial level is not a frequent finding. As in the infants with mitral atresia, 
right-to-left shunting of blood at the ventricular level may occur. In the 
rare patient with no intracardiac defects there is no mixing of the two 
circulations, and unlike any of the previous cases, the right ventricle 
supplies none of the systemic flow. 
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incidence 


Congenital mitral stenosis is rare. Of the 43 cases reported by 
Ferencz,'® about 15 had mitral stenosis as the only left-sided obstructive 
lesion. The size of the left ventricle was not always noted, but was 
definitely small in at least half of these. 


Clinical Picture 


Dyspnea was the most common symptom and was present in all. 
Cyanosis was constantly present in the two patients with ventricular 
defects and was intermittent in the other two. Symptoms dated from 
birth in three of our patients. Poor development was uniformly noted. 
One of our patients weighed 7 pounds 12% ounces at the age of six 
months. A systolic murmur was present in all. In one a transient, apical 
diastolic murmur was noted. A typical presystolic mitral murmur has 
been noted occasionally in the reported cases from the literature, but 
is not a constant finding. 

The electrocardiogram uniformly showed right axis deviation and 
right ventricular hypertrophy and, in two, P pulmonale. None of our 
patients demonstrated P mitrale, and only infrequently in the literature 
has electrocardiographic evidence of left atrial enlargement been re- 
ported. In spite of the severity of mitral stenosis no left atrial enlarge- 
ment was demonstrated by fluoroscopy in our three patients studied. An 
occasional patient reported in the literature has shown significant en- 
largement of the left atrium. Our two patients with ventricular defects 
were described as having a somewhat enlarged heart, but an otherwise 
typical x-ray picture of tetralogy of Fallot. Pulmonary vasculature was 
described as decreased in both. In one of these patients an infundibular 
pulmonic stenosis was present, but the other had a completely normal 
pulmonary outflow tract and valve. X-ray examination in a third patient 
showed moderate nonspecific cardiac enlargement. 


Autopsy Findings 

At postmortem all patients had mitral stenosis with a small left atrium 
and left ventricle, and the right ventricle was dilated and hypertrophied. 
The mitral valve was thickened and the chordae tendineae shortened 
and fused. Definite endocardial fibroelastosis of the left atrium and 
mitral valve was present in three. A ventricular defect was present in 
two, one of whom also had infundibular pulmonic stenosis. A patent 
ductus arteriosus was present in another who also had a small, but uni- 
form in caliber, aorta. The fourth patient had no other intracardiac 
defects. Noncardiac anomalies were present in two. 
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Diagnosis 


The possibility of congenital mitral stenosis with a hypoplastic le: 
ventricle should come to mind in an older infant whose presentin 
symptom is paroxsymal dyspnea. Further evidence in this regard is th 
presence of a presystolic mitral murmur. Roentgenograms vary so mucl 
depending on the associated anomalies, that they are not of great assist 
ance in establishing the diagnosis. The electrocardiogram shows righi 
axis deviation and right ventricular hypertrophy. We have no catheteri 
zation data on our patients, but, unless one would be prepared to do a 
left heart catheterization, it is unlikely that this procedure would do 
more than demonstrate associated defects. An angiogram might dem 
onstrate delayed emptying of the left atrium and be of diagnostic help 


Treatment and Prognosis 


Our patients died at four months, six months, 11 months and 5% years 
respectively. Death under one year of age was noted in the great majority 
of the cases reported in the literature. In general, patients with mitral 
stenosis survive longer than those with the other members of the hypo- 
plastic left heart syndrome discussed above. 

Medical therapy is of limited value. Surgical treatment has been 
attempted,’ and at least one patient has survived valvotomy. Whether 
or not this patient had a small left ventricle is not known. From the 
pathologic alteration in the valve it is doubtful that valvotomy can 
achieve a completely satisfactory result. The presence of associated 
cardiac defects complicates a surgical approach. If operation is attempted 
for an associated cardiac defect (e.g., patent ductus), unless the mitral 
stenosis is recognized and treated at the same time, it is unlikely that a 
favorable outcome will result.*® 


AORTIC ARCH ATRESIA 
Pathophysiology 


Complete interruption of the aortic arch usually occurs between the 
left common carotid artery and the point of entrance of the ductus 
arteriosus. The ascending aorta arises normally from the left ventricle 
and supplies the coronaries and part or all of the upper half of the body. 
The left ventricle, as in cases with mitral stenosis, is functional, but, 
as in cases with aortic atresia and mitral atresia, the right ventricle is 
also systemic and furnishes systemic flow via the ductus to the descend- 
ing aorta. Mixing of left and right atrial blood is not essential in such 
patients. Frequently associated with this anomaly are hypoplasia of the 
ascending aorta, minor malformations of the aortic valve, and a defect 
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in the membranous portion of the ventricular septum. Associated aortic 
arch anomalies are also frequent, anomalous subclavian, innominate 
or carotid arteries arising from the descending aorta in many cases. 


Incidence 


This is a rare anomaly. In a recent review Klinerman et al.*! reported 
on 21 cases from the literature!’ 3% 45. 5° and added six of their own. 
We have found six such patients in our material. Equal sex distribution 
was noted in the literature, but five of our six patients were female. 


Clinical Picture 


In general these patients resemble those with aortic atresia. Five 
patients were thought to be normal at birth; but when symptoms de- 
veloped, the course was rapidly downhill. 

From the anatomy of this malformation, differential cyanosis would 
be expected to be present uniformly.*? Surprisingly enough, this is not 
true. Only two patients in the literature*! and one of ours had differ- 
ential cyanosis. Our patient had mild generalized cyanosis except for 
the face; the right arm was cyanotic because the right subclavian artery 
arose from the pulmonary artery. The absence of differential cyanosis 
is probably due to several factors. In the majority a ventricular septal 
defect is present and allows mixing of blood at the ventricular level; 
oxygen saturations in the pulmonary artery and aorta in such cases may 
be similar. Anomalous origin of the aortic arch arteries is another im- 
portant factor. Since these babies are often in congestive failure or have 
pneumonia, generalized cyanosis due to respiratory factors may occur. 
Lastly, it is difficult to note minimal differential cyanosis clinically in 
such young infants. 

It could also logically be predicted that infants with atresia of the 
transverse aortic arch would have relative hypertension of the upper 
extremities as infants with coarctation do. In fact, however, only a few 
patients demonstrated this. Only one of our patients had hypertension 
of the arms. In cases with anomalous origin of the subclavian arteries 
careful palpation of the carotids may demonstrate a difference. Our 
one patient with the differential cyanosis had this sign. It is possible that 
in patients with a large ventricular defect pressures may be equal in 
both ventricles, so that radials and femorals, although supplied by dif- 
ferent ventricles, may have essentially the same pressure. 

A nonspecific systolic murmur was heard in three. Signs of conges- 
tive failure were present in four, and the other two died of pneumonia 
or intracranial hemorrhage. 

The electrocardiogram is similar to that in patients with right axis 
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Fig. 143. Atresia of the aortic arch. A, Infant dying at 7 days of age of intracranial 
hemorrhage. No evidence of congestive failure at postmortem examination. Heart top 
normal in size. B, Infant dying at 20 days from congestive failure. Note large heart 
with pulmonary congestion. 


deviation and right ventricular hypertrophy, the usual findings. Roent- 
genograms revealed cardiac enlargement in all dying in congestive failure. 
Figure 143 shows the films of two patients. One died of an intracranial 
hemorrhage and had a top normal-sized heart. The other shows definite 
cardiac enlargement and passive congestion. 


Autopsy Findings 

At postmortem all patients had a patent ductus arteriosus, and in 
five a ventricular defect was also found. Four had anomalous origin of 
one or more of the aortic arch arteries. In two, endocardial fibroelastosis 
of the left atrium, left ventricle and right ventricle was noted. Except 
for one patient with an ectopic pancreas there were no associated non- 
cardiac anomalies. 


Diagnosis 

Differential cyanosis, if present, may separate these patients from those 
with aortic atresia, but the frequent absence of this sign makes differ- 
ential diagnosis dificult. Angiocardiography would presumably be a 
useful tool in establishing this diagnosis. We have had no such studies 
in any of our patients, and none is reported from the literature. 


Treatment and Prognosis 


Surgical correction of this anomaly has not been attempted. Theo- 
retically, an aortic or synthetic graft could be constructed to bridge the 
defect and the ductus could be divided. The high incidence of associated 
defects of the ventricular septum and the occasional association of mitral 
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atresia noted in the literature would make such operation difficult. Since 
the right ventricle supplies the descending aorta, pulmonary hyperten- 
sion is a constant finding and would complicate surgical repair. For these 
reasons it seems unlikely that this lesion, even if diagnosed, could be 
successfully corrected by surgical means in most cases. Nevertheless, in 
view of the uniformly fatal outcome, operation should be considered if 
such a diagnosis is established. 

Medical measures are of temporary value only. In general the response 
is poor, and a rather rapid downhill course is the rule. Five of our patients 
were dead by 20 days, though one survived to 344 months. The litera- 
ture®! reports ages at death ranging from stillbirth to 180 days, the great 
majority dying within the first month. 


HYPOPLASIA OF THE AORTIC ARCH (71 CASES) 
Pathophysiology 


This entity is the commonest form of the hypoplastic left heart syn- 
drome. The left ventricle, as in cases with mitral stenosis or aortic arch 
atresia, is small but functioning. The right ventricle may or may not 
supply the systemic circulation. There were nine patients with asso- 
ciated mitral stenosis and eight with aortic stenosis. About half had a 
defect of the atrial or ventricular septum. A patent ductus was observed 
in 67 of the 71. In addition to the hypoplasia of the arch present in all, 
many had a definite site of further narrowing at or above the insertion 
of the ductus arteriosus. These various associated defects contribute to 
the disturbed physiology. 

The circulatory disturbances have not been well documented in many 
cases by reliable catheterization studies. We have studied seven of these 
patients, and the catheterization data are summarized in Table 14. One 
may attempt to reconstruct the course of the circulation by fitting to- 
gether the anatomic facts and the clinical and laboratory observations. 
The following speculations are probably justifiable: (1) There must be 
left ventricular hypertension to compensate for the narrowed aortic arch. 
The left ventricular pressure is higher than the right unless a large ven- 
tricular defect is present. In such cases the pressures may be identical. 
lhe direction and degree of shunting will depend in part on the relative 
differences in pressure and the status of the pulmonary vascular bed. 
Cases 2 and 3 in Table 14 represent two varieties of this complex. In 
2 a large ventricular defect and obstructive pulmonary vascular changes 
(medial hypertrophy and intimal proliferation) were present at post- 
mortem. The pressures in the brachial artery and pulmonary artery were 
identical at catheterization. Case 3 had a moderate left-to-right shunt, 
and the pulmonary artery pressure, although elevated, was well below 
the brachial artery pressure. A small ventricular defect was noted at 
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postmortem. (2) If a ductus is patent below the constricted aorta, some 
degree of right-to-left shunting to the descending aorta probably results. 
In such cases the right ventricle furnishes some of the systemic flow, and 
both left and right ventricles are thus “systemic.” Case 1 had a small 
right-to-left shunt, and case 4 had a more significant degree of femoral 
unsaturation. In such patients the femoral artery pressure reflects the 
pulmonary artery pressure to some extent. A significant gradient from 
pulmonary artery to femoral artery may be demonstrated, however, since 
in most instances the lumen of the ductus is less than that of the pul- 
monary artery. (3) In the presence of an atrial defect a left-to-right 
shunt at the atrial level is noted. Case 6 had in addition mitral stenosis, 
which no doubt contributed to the pulmonary artery hypertension 
demonstrated. Case 5 also had pulmonary hypertension. At postmortem 
the ductus was patent. Unfortunately, a brachial artery saturation to 
compare with the femoral artery was not obtained. (4) In the absence 
of either a patent ductus arteriosus, mitral stenosis or a ventricular defect, 
it is not known whether pulmonary hypertension exists in these patients. 
It may well be that patients with a “pure” hypoplasia of the aortic arch 
with no associated cardiac defects live normal lives in childhood and are 
operated upon in later life like the usual uncomplicated adult coarcta- 
tion. Clagett! reported that 16 per cent of coarctations operated upon in 
later life were preductal in location. More data are necessary to interpret 
the physiology of this complex completely. Case 7, who at postmortem 
had mitral stenosis, showed a striking decrease in pulmonary artery pres- 
sure at a second catheterization performed 11 months after the first. 
The reason for this change is not at all clear. 


Clinical Picture 


The prenatal history and birth were usually uneventful. Fourteen 
patients had symptoms at birth, but all had associated severe noncardiac 
anomalies such as a diaphragmatic hernia or a tracheo-esophageal 
fistula. The remaining infants were considered normal at birth. Over 
50 per cent of these had cardiovascular symptoms between four and 
15 days of age; about 20 per cent had symptoms earlier, and 20 per cent 
from three to six weeks of age; less than 10 per cent had the onset of 
symptoms after six weeks. A chief complaint of respiratory distress, cya- 
nosis, refusal to eat or listlessness was usually elicited. 

On physical examination most of these infants appear seriously ill. 
A peculiar ashen gray color is frequently noted. Mild cyanosis was noted 
in two thirds, but marked blueness was thought to be present in only 
one patient. Differential cyanosis due to a right-to-left shunt at the ductus 
level was noted in 10 per cent of our patients. The most useful maneuver 
in establishing this diagnosis is palpation of the femoral pulsations and 
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determination of blood pressure in the upper and lower extremitie: 
Blood pressure should be measured in both arms, since frequently th: 
coarctation involves the left subclavian artery. A difference of over 2( 
mm. by flush measurements between the right arm and the legs is found 
in the great majority. Occasionally, in patients with an anomalous righi 
subclavian artery, pressures may be the same in all extremities, or the 
pressure in the left arm may be higher than in the right. If pulmonary 
artery and brachial artery pressures are identical, the femoral artery 
pressure may be similar to the brachial artery pressure in the presence 


TABLE 15. Heart Axis Determined by Electrocardiogram with Hypoplasia of the 
Aortic Arch 


ASSOCIATED DEFECT RIGHT AXIS NORMAL’ LEFT AXIS INDETER- TOTAL 





DEVIATION DEVIA- MINATE NUMBER 
TION AXIS 
Intact ventricular septum.... . 19 4 0 5 28 
Ventricular defect... .. 10 3 2 4 19 
Atrioventricularis communis... . . 0 0 1 2 3 
25) 2a ae anlea ov wand mare Marte 50 


TABLE 16. Electrocardiographic Findings in 50 Patients with Hypoplasia of Aortic 
Arch 


ELECTROCARDIOGRAPHIC FINDING NUMBER OF PATIENTS 





Right ventricular hypertrophy, 


not definitely abnormal....... 29 
Right ventricular hypertrophy, 

definite. . 5 ea 17 

Left ventricular hypertrophy. . 4 

S-T and T wave changes... 32 

P pulmonale... 19 

Incomplete right bundle branch block. . 15 
1st-degree atrioventricular 

block... .10 

P mitrale (?) 2 


of a large patent ductus shunting right to left. In babies who are desper- 
ately ill the blood pressure may be low in all extremities. With improve- 
ment in the congestive failure, hypertension in the arms usually becomes 
evident. 

Signs of left- and right-sided congestive failure are present in all except 
those dying of noncardiac causes. Rapid respirations may be the onl) 
evidence of left-sided failure, but in about 50 per cent of our patients 
rales were heard in the lungs. 

In spite of the young age of these infants a definite left chest deformity 
is not uncommon. Cardiac enlargement, xiphoid impulse, tachycardia 
and gallop rhythm are frequently noted. Usually a grade III systolic 
murmur described as harsh or blowing is heard along the left sternal 
border. Unlike the older patients with a coarctation of the aorta, trans- 
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mission of the murmur to the back is not a striking finding. ‘Twenty 
per cent of our patients had no murmur described. Nine patients had a 
mid-diastolic rumble at the apex; in four of these a ventricular defect 
and in one an atrioventricularis communis was present. In three mitral 
stenosis was the associated finding, and one had Ebstein’s malformation 
of the tricuspid valve. A thrill was noted in seven patients. Three of 
these had a ventricular defect, one had an atrioventricularis communis, 
and three aortic stenosis. It is interesting that only five of 59 infants 
dying by the sixth week of age had a thrill or mid-diastolic rumble de- 
scribed, while all five patients surviving past the age of one year had one 
or both of these findings. 

Electrocardiograms usually show right axis deviation, right ventricular 
hypertrophy and nonspecific T wave changes. Tables 15 and 16 sum- 





is Oy 7 


Fig. 144. Hypoplasia of the aortic arch, patent ductus arteriosus and no septal de- 
fect. A, Tremendous cardiac enlargement in infant dying at 7 days of age. B, Moderate 
cardiac enlatgement in infant dying at 72 weeks. 


marize the electrocardiographic findings in 50 patients. The infants 
showing left ventricular hypertrophy by electrocardiogram at post- 
mortem had hypertrophy of both right and left ventricles. There were 
no obvious differences in these patients noted at postmortem from the 
majority showing right ventricular hypertrophy by electrocardiogram. 

X-ray examination usually reveals moderate but occasionally marked 
cardiac enlargement. Figure 144 shows one patient with moderate and 
one with marked cardiac enlargement. Occasionally a patient dying from 
a noncardiac cause has a heart within normal size. X-ray films may be 
helpful in distinguishing patients with septal defects from those without. 
Figure 145 shows the roentgenograms of two such patients with left-to- 
right shunts demonstrated at catheterization. Nearly all patients with 
a ventricular defect at autopsy had x-ray findings of increased pulmonary 
vasculature and often a prominent pulmonary artery. On the other hand, 
some infants with no septal defects were also described as having pul- 
monary plethora. The presence of passive congestion is sometimes con- 
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Fig. 145. Hypoplasia of aortic arch and a left-to-right shunt demonstrated at cardiac 
catheterization. A, Female infant, 52 weeks old, with left-to-right shunt at atrial 
level (see Table 14, case 5, for catheterization findings). Pulmonary vasculature is 
increased. B, Infant dying at 342 months. At autopsy a ventricular defect, mild pul- 
monic stenosis and mitral stenosis were present. Note prominent pulmonary artery and 
pulmonary plethora. (See Table 14, case 3, for catheterization findings. ) 
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Fig. 146. Serial roentgenograms showing striking increase in heart size over a period 


of 1 month. A, Age 1 day. Infant admitted because of imperforate anus. Withstood 
anoplasty well, and no cardiac findings were noted. B, Age 11 days, following sudden 
onset of cyanosis, respiratory distress and congestive failure. Note striking enlargement 
of heart over the 10-day period. C, Prior to death at age 1 month. Further increase in 
heart size evident. 
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fusing in such infants. At fluoroscopy the heart beat was described as 
poor in all patients in congestive failure. An aberrant right subclavian 
artery was diagnosed by barium swallow on several occasions. Figure 146 
shows the striking increase in heart size in an infant over a one-month 
period. 

Other diagnostic studies such as retrograde aortography or angio- 
cardiography may be helpful in outlining the area of coarctation or 
demonstrating the right-to-left shunting through a ductus. Figure 147 





Fig. 147. Venous angiogram demonstrating right-to-left shunting of dye through a 
patent ductus arteriosus to the descending aorta. 


shows a venous angiogram with a right-to-left shunt through a patent 
ductus to the descending aorta. 


Differential Diagnosis 


This condition has to be differentiated principally from the other 
members of the hypoplastic left heart syndrome and the uncomplicated 
coarctation causing congestive failure in infancy.® 1*: *% 37 41 Table 17 
shows the salient features useful in distinguishing the various forms of 
the hypoplastic left heart syndrome. 

It is often impossible to distinguish these infants from those with a 
simple coarctation in congestive failure. In general, however, symptoms 
develop earlier, cyanosis is more frequent, and response to medical 
therapy less gratifying in the former. After the age of six months the 
presence of right ventricular hypertrophy by electrocardiogram always 
militates against a simple coarctation. Right heart catheterization may 
reveal the presence of a left-to-right shunt in those with intracardiac 
defects, but will not localize the level of the coarctation. Demonstra- 
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tion of a right-to-left shunt at the femoral artery level would indicate 
a patent ductus entering below the coarctation. Elevated pulmonary 
wedge, pulmonary artery pressures, and a high calculated pulmonary 
resistance may be seen in any infant with coarctation who is in con- 
gestive failure at the time of study. Selective angiocardiography showing 
the level of the coarctation and the relative size of the left ventricle may 
possibly be of considerable help in distinguishing the two groups. 


Prognosis 
The mortality of this group is high. Only five patients survived past 
the age of one year. All had severe associated cardiac defects and died 





Fig. 148. Same patient as in Figure 147. Roentgenograms taken at ages 6 weeks (A) 
and 8 years (B). Note relative decrease in heart size. Death followed attempted 
surgical resection of coarctation and division of a patent ductus. (See Table 14, case 1, 
for catheterization findings. ) 


after surgical attempt at correction. The great majority died in early 
infancy. Forty-seven per cent were dead by 20 days and 85 per cent by 
six weeks. 

Since only autopsied cases are included in this study, no account is 
taken of patients who may have survived. We are following up in the 
congenital heart clinic a few older children with a coarctation of the 
aorta and right-to-left shunting through a patent ductus. In general, 
these patients tend to remain stable through childhood. Figure 148 
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shows x-ray pictures taken at an eight-year interval in one of our patients 
who died after operation. The relative decrease in heart size is striking. 

As mentioned earlier, it is possible that some infants with a hypo- 
plasia of the aortic arch with no other cardiac anomalies survive closure 
of the ductus and physiologically become identical with the usual adult 
coarctation. We have no evidence to substantiate this, but asymptomatic 
adults with such an anomaly have been described and successfully oper 
ated upon.!* 24 


Autopsy Findings 
As mentioned previously, associated cardiac anomalies were frequent. 
Sixty-seven of the 71 patients had a patent ductus. In some the ductus 


TABLE 18. Additional Anomalies Noted at Autopsy in 71 Patients with Hypoplasia of 
the Aortic Arch 





ANOMALY NUMBER OF PATIENTS 
Patent ductus arteriosus....... By me. 
Ventricular defect....... me 30 
Atrioventricularis communis...... . ole 
Ostium primum....... oa 
Ostium secundum....... : .. 5 
Mitral stenosis....... .. 9 
Aortic stenosis. .... me . 8 
Bicuspid aortic valve....... ee 
Endocardial fibroelastosis...... . ; 20 
Myocardial fibrosis....... teats os 
Anomalous right subclavian artery....... RR 
Other anomalous arteries....... 08 
Persistent left superior vena cava....... ee Pere! 
Noncardiac anomalies....... ee et 28 


appeared to be closing, but in many it was widely patent. Closure of 
the ductus has been cited by some as the reason why these infants suffer 
congestive failure and die. From the postmortem findings this explana- 
tion would be unsatisfactory for the majority of patients. 

Table 18 lists the associated findings at postmortem. Only eight 
patients were noted to have no other intracardiac anomalies but hypo- 
plasia of the aortic arch and a patent ductus arteriosus. In three of these, 
serious noncardiac anomalies, namely, tracheo-esophageal fistula, dia- 
phragmatic hernia and polycystic kidneys, were the major cause of death. 
One infant died of a beta streptococcal pneumonia with no evidence of 
congestive failure. Three infants died in congestive failure. In two of 
these, pneumonia with empyema was a major contributing cause of 
death. The eighth patient was a 12 8/12-year-old child who died at oper- 
ation after division of a patent ductus. 
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Treatment 


From the preceding discussion it is obvious that there is no satisfactory 
treatment. Vigorous decongestive measures should be used and anti- 
biotics considered because of the frequent findings of pneumonitis at 
autopsy. Infants with an uncomplicated coarctation will often respond 
dramatically to medical treatment.** In general, these infants with com- 
plicated lesions showed a poor medical response, but in some cases tem- 
porary improvement was striking. 

Surgical resection of coarctation of the aorta even in early infancy 
has been attempted,® 2%. 8°. 40 and although the results have been some- 
what encouraging, the surgical mortality rate is higher than in later 
childhood. The presence of serious associated cardiac defects makes 
operation in this particular group of infants discouraging. The older 
children in our study who died after operation in general had pulmonary 
vascular obstructive change which increases the surgical mortality 
rate.1® 26 Tt seems unlikely that many of these infants will benefit by 
surgical intervention unless one is prepared to correct the associated 
defects. It is possible that in the not-too-distant future, by use of a 
cardiac bypass apparatus, surgical correction of all these defects at one 
time may be feasible. 

In general, all infants with coarctation of the aorta in congestive 
failure should first be treated by vigorous medical means. In those who 
do not respond well to medical therapy operation should be considered. 
Cardiac catheterization and angiocardiography may help in localizing the 
area of coarctation and any associated defects and may be of diagnostic 
use prior to surgical intervention. 


SUMMARY 


Hypoplastic left heart syndrome is proposed as a useful term to de- 
scribe infants with an obstructive lesion on the left side of the heart 
associated with hypoplasia of the left ventricle and right ventricular 
hypertrophy. The clinical and autopsy findings in 101 patients with 
this condition have been presented. A sudden onset of right- and left- 
sided congestive failure in a young infant with mild cyanosis, a non- 
specific heart murmur and either weak pulses in all extremities or rela- 
tive hypertension in the arm should suggest this diagnosis. Right axis 
deviation, right ventricular hypertrophy, P pulmonale and S-T and T 
wave changes by electrocardiogram and moderate to marked cardiac 
enlargement with or without pulmonary plethora by x-ray examination 
would lend support. 

The clinical recognition of the syndrome is not difficult in most cases, 
but to make a specific diagnosis of the exact anatomic defects present 
is often impossible. Table 17 presents the salient differences in the 
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various entities forming this syndrome. Frequently there are multipl< 
obstructive lesions in the same patient. Once a diagnosis of the syndromc 
is made, cardiac catheterization and angiocardiography may be of assist 
ance in defining more clearly the exact malformations present. 
Medical treatment at present is unsatisfactory, and surgical treatment 
is limited. It is important that physiologic studies by catheterization 
and angiocardiography be carried out in these infants to furnish much 
needed information on the exact disturbances of circulation present. 
With this knowledge, as further advances are made in open heart 
surgery, it is possible that some of these infants may be salvaged. 
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PRIMARY ENDBOMYOCARDIAL 


DISEASE 
EDWARD C. LAMBERT, M.D. 


PETER VLAD, M.D. 


Under the heading of primary endomyocardial disease we propose to 
discuss a heterogeneous group of conditions which usually present a 
common clinical syndrome. Once all gathered under the heading of 
idiopathic cardiac hypertrophy, they include (1) primary endocardial 
fibroelastosis, (2) aberrant left coronary artery arising from the pul- 
monary artery, (3) glycogen storage disease of the heart, (4) calcifica- 
tion of the coronary arteries, (5) idiopathic myocarditis, and (6) idio- 
pathic myocardial hypertrophy. 

The term “primary” is used to indicate (1) that the important 
lesion is located in the heart, and (2) the lack of association with 
other disease. Admittedly, this is an arbitrary grouping. At least two 
of the foregoing conditions—glycogen storage disease of the heart and 
calcification of the coronary arteries—are generalized constitutional 
diseases. However, the patients usually present with cardiac manifesta- 
tions and die of cardiac insufficiency. 


FREQUENCY 


The relative frequency of these six conditions as seen at autopsy 
over a 25-year period at the Children’s Hospital of Buffalo is shown in 
Table 19. Complete transposition of the great vessels is included for 
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purposes of comparison because it was the most frequent anomaly. It 
apparent from this table that primary endocardial fibroelastosis was on 
of the common types of heart disease causing death at this hospita 
Although infrequent as a cause of death, idiopathic myocarditis wa 
not rare. The other four conditions were rare. These data correspon 


TABLE 19. Frequency of Various Types of Heart Disease in Infants and Children a 
Seen in 3596 Autopsies 








NUMBER OF APPROXIMA 
CASES PER CENT 
Complete transposition of great vessels. 55 14% 
(most frequent major congenital anomaly) 

Primary endocardial fibroelastosis 27 7% 
Glycogen storage disease of the heart 2 0.5% 
Left coronary artery arising from the 

pulmonary artery. . 2 0.5% 
Idiopathic myocardial hypertrophy eos 0.5% 
Calcification of the coronary arteries. = wom" 0.25% 
All others ms . 301 77% 
Total major congenital cardiac anomalies. . ee . 390 100% 
Idiopathic myocarditis * 8 





* Not classified as a congenital abnormality. 


well with the frequency of these diseases as reported in recent litera 
ture. 


CLINICAL PICTURE 


The clinical picture common to this group forms a syndrome which 
presents a frequent problem, especially in infancy, and has the follow- 
ing features: (1) Cardiomegaly, often with cardiac failure; (2) absence 
of a loud murmur on repeated examinations. When murmurs occur, 
they are either faint to moderately loud, blowing apical systolic mur- 
murs apparently due to functional atrioventricular valve incompetence, 
or harsh aortic systolic murmurs of the same intensity due to stiffen 
ing of the aortic valves. Of course it is always possible to have innocent 
functional murmurs in these patients as in patients without heart 
disease. (3) Normal or low blood pressure; (4) dyspnea, usually as a 
manifestation of congestive cardiac failure; (5) absence of cyanosis 
except terminally or with severe congestive failure. 

Patients with these “endomyocardial diseases,” unlike those with 
most cardiac anomalies, are not susceptible to bacterial endocarditis. 
All the conditions under discussion frequently cause sudden death. 
\lso, mural thrombosis with arterial embolization may occur in any 
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of them. Severe rhythm disturbances are frequent. In contrast to other 
congenital cardiac anomalies, associated noncardiac malformations are 
rare. Cases have been noted in siblings in four of these diseases: pri- 
mary endocardial fibroelastosis;!® glycogen storage disease of the heart;!* 
idiopathic cardiac hypertrophy;®* and calcification of the coronary 
arteries.** 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic findings are nonspecific and remarkably sim- 
ilar in this group of conditions. Cardiac enlargement is almost invari- 
able. The contour of the heart is not specific, and usually all chambers 
are enlarged even when only the left side of the heart is directly in- 
volved. Fluoroscopy usually reveals diminished movement of the cardiac 
chambers; thus the cardiac shadow may closcly resemble that produced 
by a large pericardial effusion. It has been stressed that left atrial en- 
largement occurs as a rule in primary endocardial fibroelastosis and 
that evidence of such enlargement can be taken as a diagnostic sign 
of this disease.2* However, with the possible exception of myocarditis 
and glycogen storage disease of the heart, a large left atrium appears 
frequently in the other forms of endomyocardial disease. The apparent 
smallness of the aorta is probably, as Brigden® points out, due to 
the relatively large size of the heart rather than to a hypoplasia of 
this vessel. The main pulmonary artery is usually not unduly prom- 
inent. The pulmonary vascular markings are usually increased, owing 
to pulmonary congestion or edema, and, hence, are rarely as marked 
as in congenital malformations of the heart characterized by left-to-right 
shunts. 

Pulmonary complications in the form of compression atelectasis of 
one or more lobes of the left lung due to pressure of the heart on the 
left main bronchus frequently occur. 


DIFFERENTIAL DIAGNOSIS 


Clinical differentiation of the conditions under discussion is fre- 
quently difficult or impossible. We feel, however, that some general- 
izations can be made that will often be helpful in distinguishing these 
abnormalities. 

Frequently a specific diagnosis can be made in two of these diseases. 
In calcification of the coronary arteries the roentgenographic demon- 
stration of widespread arterial calcification will establish the diagnosis 
beyond question. In glycogen storage disease of the heart, if the char- 
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acteristic clinical findings of macroglossia, generalized muscular weak- 
ness and poor tendon reflexes are present, this diagnosis is highly 
probable. Confirmation can be obtained by demonstration of glycogen 
deposition in a biopsy of skeletal muscle. 

It now appears that a diagnosis can be made in most symptomatic 
cases of left coronary artery arising from the pulmonary artery because 
of the rarity of electrocardiographic evidence of myocardial infarction 
caused by other conditions in infancy. If, in addition, left ventricular 
aneurysm is demonstrated by x-ray examination, and a thin wall of 
the left ventricle by angiocardiogram, the degree of probability is 
increased. Clear visualization of the left coronary artery arising from 
the pulmonary artery in the angiocardiogram would appear to establish 
the diagnosis clearly. Demonstration by retrograde aortography of a 
right coronary artery discharging contrast material into the left cor- 
onary artery and thence into the pulmonary trunk would have the 
same result. 

We believe that, at present, the finding of isolated left ventricular 
hypertrophy in the electrocardiogram is helpful in the following re- 
spects. Such hypertrophy is present in a large majority of the cases of 
endocardial fibroelastosis and appears to be common in idiopathic 
myocardial hypertrophy. It is distinctly unusual in idiopathic myo- 
carditis and glycogen storage disease of the heart. It is rare or non- 
existent in left coronary artery arising from the pulmonary artery. The 
data are inadequate in respect to calcification of the coronary arteries. 

The so-called myocarditis tracing with low-voltage, variable S-T 
segment displacement and T wave changes appears to be rare in 
primary endocardial fibroelastosis, left coronary artery arising from 
the pulmonary artery, and glycogen storage disease of the heart. 

The age is of value only in excluding certain abnormalities. If the 
patient is over one year, it is highly improbable that he has a left 
coronary artery arising from the pulmonary artery, glycogen storage 
disease of the heart, or calcification of the coronary arteries. 

The relative frequency of the various abnormalities as illustrated 
in Table 19 helps only in increasing the probability of a presumptive 
diagnosis. 

A complete differential diagnosis should include the following: 
“silent” aortic stenosis, persistent ostium atrioventriculare com- 
mune, coarctation of the aorta and patent ductus arteriosus in early 
infancy, diseases of the collagen group, severe anemic heart disease, 
paroxysmal tachycardia, pericarditis, toxic or infectious myocarditis, 
cardiomegaly due to vitamin deficiencies, gargoylism, Friedreich’s 
ataxia, neuromuscular dystrophies. Detailed discussion of the differen- 
tial points is beyond the scope of this paper. With the exception of 
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the congenital cardiovascular malformations, the noncardiac or systemic 
manifestations will usually point to the diagnosis. 


TREATMENT 


Except for the surgery of primary endocardial fibroelastosis and 
aberrant left coronary artery arising from the pulmonary artery, there 
is no specific treatment of any of the abnormalities under discussion. 
Therapy is supportive and nonspecific. It is chiefly directed toward 
the cardiac failure. 

Digitalis is unquestionably the most valuable drug. When symptoms 
supervene, particularly hepatic enlargement or dyspnea, prolonged 
maintenance is indicated. Despite the fact that toxic effects, particu- 
larly arrhythmias, may occur with less than the usual dosage, we have 
the strong impression that in many instances it is necessary to give a 
large amount of digitalis in order to produce an optimum therapeutic 
effect. 

Mercurial diuretics, morphine and oxygen remain of unquestionable 
value. Because respiratory infections appear to be particularly common 
in many of these patients, and because they often precipitate cardiac 
failure, antibiotics are useful. Some patients may be benefited by 
prolonged prophylactic use of antimicrobial agents. 


PROGNOSIS 


Once symptoms appear, the outlook of patients with these diseases 
is generally poor. Sudden death or death within hours or days after 
onset is not uncommon. Infants with left coronary artery arising from 
the pulmonary artery, glycogen storage disease of the heart, or calcifi- 
cation of the coronary arteries practically never survive for more than 
a few months once symptoms are manifest. 

In primary endocardial fibroelastosis survival for many months often 
occurs. We have observed two patients who lived 19 months and two 
years, respectively, after their first episode of cardiac failure. It is pos- 
sible that some patients may live for years or even recover from this 
disease,*® 44 but at present there is no proof of this. Several well docu- 
mented cases of death during late childhood have been reported.» * 44 

The same variability occurs in idiopathic cardiac hypertrophy. 

As to idiopathic myocarditis, it is highly probable that complete 
recovery occurs not infrequently, although final proof is lacking. Evi- 
dence for this is as follows: (1) the wide variability in the degree of 
involvement of the heart by the inflammatory process; (2) the com- 
plete clinical recovery, with return to normal of the electrocardiogram, 
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of patients who previously showed extensive myocardial damage an 
cardiomegaly.**: ° 


PRIMARY ENDOCARDIAL FIBROELASTOSIS 
(Endocardial Sclerosis) 


The characteristic lesion in endocardial fibroelastosis is a diffusc 
thickening of the mural endocardium. On inspection it appears as a 
thick, gray or pearly-white, usually smooth layer lining the cavity 
involved. It measures as much as 2 to 3 mm. in thickness. 

The pathologic process also involves the papillary muscles and the 
chordae tendineae, which are thick and occasionally shortened. Further 
more, a variable degree of effacement of the normal trabeculation will 
give the chamber involved its typical smooth appearance. Secondary 
involvement of the valvular endocardium is not uncommon. Stiffening 
of the aortic valve and incompetence of the mitral thus become 
possible. 

The chambers involved are, in the great majority of cases, the left 
ventricle and the left atrium. The right-sided chambers may also be 
affected, but as pointed out by Edwards,”° in the primary group this 
will occur only when the left ventricle is involved. Kelly and Ander- 
sen*! found right ventricular changes (2+ to 4+) in five of their 17 
cases. 

The foramen ovale was open in half the cases reported by Lambert*# 
and in nine of the 17 specimens studied by Kelly and Andersen.*! 

Microscopically, there is extreme fibroelastic proliferation—a thick 
fibrous layer is covered by an even thicker elastic layer adjacent to 
the myocardium. Usually there is a sharp demarcation between this 
zone and the myocardium, but moderate fibrosis of the subendocar- 
dium may occur. The muscle fibers are essentially normal, save for 
hypertrophy and, in some cases, small areas of fibrosis, necrosis and 
calcifications. There are no inflammatory changes. In one of our re- 
cent cases there was the unusual finding of extensive necrosis and 
scarring of the lateral and inferior walls of the left ventricle with 
considerable thinning of the myocardium and no demonstrable cor- 
onary artery disease. 

The coronary arteries have been reported as normal by most ob- 
servers. Rosahn® described spotty and segmental periarterial hyper- 
elastosis in the medium-sized and small branches of the coronary 
system and in other parenchymatous organs in all four of his cases. 
DeMuth and Landing'® found widespread medial hypertrophy and 
focal intimal fibrosis of the muscular and musculoelastic arteries of 
the heart and of other organs in five cases. This generalized vascular 
disease was similar to but less marked than in the case of idiopathic 
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cardiac hypertrophy they studied. Other authors have not described 
such changes. 
The following classification, proposed by Edwards,”° is widely ac- 
cepted: 
Primary endocaraial fibroelastosis: Dilated type 
Contracted type (constricted 
endocardial sclerosis ) 
Secondary endocardial fibroelastosis 
In the secondary group the lesion is thought to be produced by the 
accompanying congenital malformation, such as severe stenosis or 





Fig. 149. Dilated type of primary endocardial fibroelastosis in a 27-month-old girl 


who first presented with cardiac failure at 6 months of age. The left ventricle is large 
and thick-walled. The right chambers are free of endocardial fibroelastosis, but the 
right ventricle measures up to 10 mm. in thickness. 


atresia of the pulmonary or aortic valves. Difficulties in classification 
will arise when endocardial fibroelastosis is associated with coarctation 
of the aorta, aortic stenosis or patent ductus arteriosus, since it may be 
impossible to state which is the primary anomaly or whether the asso- 
ciation is incidental. 

In the primary group, thickening of the mural endocardium is the 
sole anomaly, except for the possible secondary involvement of the 
aortic or mitral valves which may occur. 

[he dilated type is the commonest form. The characteristic lesion 
is accompanied by hypertrophy and dilatation of the left ventricle 
(Figs. 149, 151). There is cardiomegaly and considerable increase of 
heart weight. 

In the rare contracted type, paradoxically, the left ventricle is normal 
or smaller than normal in size. The right ventricle becomes secondarily 
enlarged and its myocardium hypertrophied (Figs. 150, 151). The lungs 








Fig. 150. Contracted type of primary endocardial fibroelastosis in a 6-weeks-olc 
infant. There was cardiomegaly and a one-week course of congestive cardiac failure. 
The left ventricle is small as compared to the right, which is markedly enlarged and 
measures up to 8 mm. in thickness. Patent ductus arteriosus. Small patency of the 
foramen ovale. Specimen submitted by Dr. C. F. Becker. 





Fig. 151. Transverse sections of the hearts reproduced in Figures 149 and 150. 
Endocardial fibroelastosis involves only the left chambers. The left ventricle is large 
in the dilated type (top) and small in the contracted type (bottom) which presented 
a large, hypertrophied right ventricle. 
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will show vascular and parenchymal changes similar to those found 
in mitral stenosis.?° 

In recent years there have been many isolated reports of adults 
dying from chronic congestive cardiac failure. At autopsy pathologic 
changes were found similar to those seen in primary endocardial fibro- 
elastosis. It is still a matter of debate whether this disease represents 
a persistence into adult life of this “congenital” abnormality’ or 
whether this is an independent acquired disease entity.** 5 A majority 
of observers favor the latter view. From a clinical standpoint, differ- 
ential features are*? its occurrence in adult life (usually the third and 
fourth decades), the absence of family history, and frequently the 
presence of eosinophilia. Pathologically,** the process is predominantly 
fibrotic rather than elastic, it seems to spare the septal surface of 
the ventricle, myocardial fibrosis is abundant, and many fibrous septa 
extend from the endocardium deep in the heart muscle. 


ETIOLOGY 


The etiology of this disease remains obscure. A number of theories 
have been advanced, as follows: (1) inflammatory factors acting during 
fetal life;?® (2) congenital developmental defect of the endocardium;** 
(3) collagen disease as a result of hypersensitivity;3* (4) anoxia of the 
endocardium;** (5) genetically determined generalized arterial disease;®* 
(6) familial metabolic defect of the myocardium;*! (7) congenital 
hyperplasia of the myocardium.‘ 

The first of these theories ascribes the characteristic fibroelastosis 
to an inflammatory response produced by infection during intrauterine 
life. For more than a century the term “fetal endocarditis” or “endo- 
myocarditis” was used. In 1941 Gross! marshalled the arguments in 
evidence against inflammation and infection as a cause. He held the 
point of view that this is a true developmental abnormality. Since 
then most authors have acceded to this concept and have favored the 
idea that the endocardial fibroelastosis is of itself a malformation of 
the endocardium. 

Hill and Reilly,** after extensive study of the microscopic changes 
showing evidence of fibrinoid degeneration of the endocardium in 
one case, felt that this disease belongs in the so-called collagen group. 
Other workers have not confirmed this finding, nor has this concept 
gained favor. 

Johnson*® has put forth the interesting hypothesis that the fibro- 
elastosis is actually a secondary response to endocardial anoxia pro- 
duced by premature closure of the foramen ovale. This theory has 
the advantage of offering an explanation for the susceptibility of the 
left side of the heart. However, it has been demonstrated in a large 
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proportion of cases that the foramen ovale is open.*! 44 Hence it 
appears that its premature closure is not a factor in fibroelastosis. 

Dordick’® has stressed the fact that this may be a familial disease. 
Rosahn® has emphasized its frequency and has proposed the idea that 
it may be hereditarily transmitted through a recessive gene. Because 
of his finding of periarterial hyperelastosis in other organs than the 
heart, he has suggested that this may be a constitutional, generalized 
arterial disease. Such changes were not observed in any of our 27 
patients, nor in Kelly and Andersen’s 17 cases. 

Both Kelly and Andersen*! and Black-Schaffer* argue that the pri- 
mary defect is in the myocardium. Black-Schaffer and Turner® point out 
that this was a view held in the first quarter of the century by the German 
authors. It is also the one favored by Lev.** Kelly and Andersen*! sug- 
gest the possibility of a congenital familial metabolic defect resulting 
from the deficiency or abnormality of an enzyme system. After review- 
ing the arguments and reasoning presented by Black-Schaffert we are 
inclined to agree with his statement: “A reasonable hypothesis may 
begin with the postulate that the basic fault must be sought in the 
myocardium.” However, the concept that the myocardial lesion is a 
congenital hyperplasia of the cardiac muscle® remains, we feel, to be 
proved. 

We feel that the problem of the etiology of this disease is, to date, 
far from settled. 


PHYSIOLOGY 


A widely accepted explanation of the mechanism of cardiac failure 
occurring in this condition is that the thick fibroelastic layer interferes 
with both diastolic filling and systolic contraction, in a fashion anal- 
ogous to the limitation of cardiac action in constrictive pericarditis. 
This may hold for the rare contracted type as suggested by Burchell,?° 
but we believe that such a mechanism is unlikely with the common 
dilated type of left-sided heart involvement. Evidence for this is available 
from both angiocardiography and cardiac catheterization. 

The few angiocardiograms available in the literature together with 
the two cases in our files all revealed (1) a large, smooth, left ventricu- 
lar cavity; (2) delay in emptying of this chamber with retention of 
the contrast medium; (3) minimal variation in the size of this chamber 
between systole and diastole; (4) hypertrophy of left ventricular mus- 
culature as evidenced by increased thickness of this wall. Linde and 
his associates*® agree with the conventional concept and ascribe the 
findings to the “splinting action” of the thickened endocardium. 
Prec and Cassels,®® on the other hand, argue that the limitation is of 
systolic expulsion only. We agree with the latter point of view. The 
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very existence of some degree of chamber dilatation would appear to 
make it doubtful that there is a limitation of diastolic filling. 

Detailed data from catheterization findings, though limited to a 
small number of proved cases, lead to similar conclusions. The data 
presented by Adams and Katz! in two cases, and by Linde and asso- 
ciates*® in one case, revealed normal or slight elevation of the pulmo- 
nary arterial pressures. Pulmonary artery wedge pressures were not 
given. Nadas®* states that the latter were mildly elevated in three pa- 
tients with a “clinical diagnosis of fibroelastosis.” On the other hand, 
Connolly and Wood" cite three patients with necropsy proof. They 
state: “In no instance were any of the characteristic changes in pulse 
contour found which have been described in lesions causing restriction 
of diastolic relaxation of the ventricles.” The single recording they 
reproduced revealed elevation of right ventricular systolic pressure of 
85 mm. of mercury in a six-weeks-old infant. Four of our patients with 
proved primary endocardial fibroelastosis had a right-sided heart cathet- 
erization. In all these there was a moderate to marked elevation of 
the systolic pressure in the right ventricle and the pulmonary artery, 
ranging between 48 and 83 mm. of mercury. All were in some degree 
of cardiac failure at the time of the catheterizations. The right pulmo- 
nary artery wedge pressures obtained in two of these patients ranged 
between 19 and 25 mm. mean. This was well above the mean right 
atrial pressures of 10 to 12 mm. in the same patients and thus in 
contrast with the equivalent elevation of pressure in the right atrium 
and pulmonary artery wedge described as typical in constrictive peri- 
carditis. 

Retrograde left-sided heart catheterization was done in one of our 
proved cases in combination with the conventional right catheteriza- 
tion. The pressure in the ascending aorta in this infant was 96/63 mm. 
of mercury. In the left ventricle it was 98/22 mm.; the pulmonary 
artery wedge pressure, 25 mm. In this patient, at least, the large residual 
blood volume distended this chamber and created a back pressure 
in both the left ventricle and left atrium during diastole. The selective 
left ventricular angiocardiogram performed is in accord with these 
measurements. The primary difficulty appeared to be due to failure 
of the left ventricle to empty adequately. 


THE ELECTROCARDIOGRAM 


As previously pointed out,’* the electrocardiogram presents a wide 
range of variations and is not pathognomonic for the disease. Taken 
in conjunction with the clinical and laboratory findings, it facilitates 
considerably the diagnosis. The electrocardiogram is also of distinct 
value in differentiating between the conditions forming the group of 
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endomyocardial diseases under discussion. Occasionally, however, th« 
electrical findings of these entities are identical, and then differentia 


tion must be established on other grounds. 
Several factors operate in the determination of the electrocardio 


gram: 


1. Anatomical Type 


In the contracted type the right ventricular enlargement and thicken- 
ing of the right ventricle should be reflected in the electrocardiogram 











































































































Ve 


Fig. 152. The electrocardiogram obtained 3 days before death in the baby whose 
specimen is shown in Figure 150. Right atrial and right ventricular hypertrophy. 
Submitted by Dr. C. F. Becker. 





by signs of pure right ventricular hypertrophy (Fig. 152). For this 
reason, in these infants, the differential diagnosis lies among total 
anomalous pulmonary venous drainage, cor triatriatum, primary pul- 
monary hypertension, congenital mitral stenosis, and mitral atresia 
with normal aortic valve. 

In the dilated type, unless anatomically atypical (see below), left 
ventricular hypertrophy is characteristic. Such was the case in approxi- 
mately 70 per cent of the series previously reported.77 The common 
pattern is vertical or semi-vertical electrical position, abnormally tall 
R or qR waves in V; and V¢ and secondary T wave inversion over the 
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Fig. 153. The electrocardiogram in a 17-month-old girl with dilated type of endo- 


cardial fibroelastosis. Isolated left ventricular hypertrophy as seen in the majority of 
cases. (From P. Vlad, R. D. Rowe and J. D. Keith: Brit. Heart ]., Vol. 17.) 





left precordium (Fig. 153). Deviations from this pattern may occur 
as discussed below. 


2. Chamber Involvement 


As, in the dilated type, the pathologic process involves most com- 
monly the left heart chambers, left ventricular hypertrophy represents 
the most frequent electrocardiographic abnormality. This usually occurs 
as an isolated phenomenon (13 of 16 cases with left ventricular hyper- 
trophy). When fibroelastic proliferation involves both sides of the 
heart, the electrocardiogram may show right ventricular hypertrophy 
alone (Metianu et al.°°) or in combination with left (Paul and Rob- 
bins®?). We saw recently a baby with isolated anatomic left heart in- 
volvement and a fulminating clinical course who showed only evidence 
of right ventricular hypertrophy electrocardiographically. The reason 
for this behavior could not be ascertained. 


3. Course of the Disease 


The overwhelming majority of the “fulminating” cases present un- 
complicated left ventricular hypertrophy of the variety common in 
this disease. Rare exceptions are, however, possible. Furthermore, this 
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does not apply to the contracted type. With a prolonged course, as 
pulmonary hypertension develops, direct or indirect signs of right 
ventricular hypertrophy will be added to the pre-existing left ventricu- 
lar hypertrophy pattern. In these the presence of P pulmonale or P 
mitrale is not unusual. 


4. Acute Cardiac Failure 


When seen at the height of cardiac failure or during stages of acute 
decompensation, the electrocardiogram may be significantly altered, 
presumably by the resulting acute dilatation of the right ventricle. 
Under these circumstances right ventricular potentials may be recorded 
as far as V; or V¢, and the voltage of S in V;R and V; may be dim- 
inished. The left ventricular potentials will be displaced posteriorly, 
and only deliberate search far posteriorly will reveal them. Digitaliza- 
tion may result in a reversal to the orthodox pattern as decompensa- 
tion is corrected.7” 

In very large hearts another factor may operate. With displacement 
of the apex downward and laterally, exploration of the conventional 
intercostal space may fail to show patterns of left ventricular hyper- 
trophy. Chest leads recorded one or two interspaces lower will be 
typical of left ventricular hypertrophy. 


5. Massive Fluid Retention 


The presence of massive fluid retention may exert a considerable 
masking effect.77 With pleuropericardial effusion or massive chest 
wall edema, low voltage may be recorded in all leads. Such a tracing 
will resemble that of myocarditis or pericarditis rather than ventricular 
hypertrophy. 


6. Myocardial Infarction 


Recently we saw a patient who at the age of five months presented 
with an electrocardiogram showing left ventricular hypertrophy with 
large, wide O waves in V; and Vg. Progressive necrotic and ischemic 
changes developed over a period of months. At the age of 13 months, 
before death, a full-blown picture of posterolateral myocardial infarc- 
tion was present. At postmortem examination endocardial fibroelastosis 
was accompanied by extensive necrosis of the left ventricle. ‘There 
was no evidence of coronary thrombosis or other coronary artery dis- 
ease (Fig. 154). 

A pattern of extensive anterior transmural myocardial infarction was 
reported by Auld and Watson* in a 15-year-old boy. 
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Fig. 154. Primary endocardial fibroelastosis (dilated type). Left atrial enlargement 
and right ventricular hypertrophy. At 5 months (upper tracing) recent posterolateral 


myocardial infarction. At 13 months (lower tracing) healed posterolateral myocardial 
infarction. At catheterization the right ventricular pressure was 70/0 mm. of mercury. 
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Other electrocardiographic findings include rhythm disturbances 
(atrial or ventricular) and conduction defects (prolonged P-R interval, 
atrioventricular dissociation, Wolff-Parkinson-White syndrome, left 
bundle branch block.”? 

In summary, the electrocardiographic features of (1) pure left ven- 
tricular hypertrophy occur in a majority of cases of the dilated type, 
and especially in those with a fulminating or an acute clinical course. 
(2) Pure right ventricular hypertrophy is, as a rule, limited to the 
contracted type and to those cases of the dilated type in which both 
sides of the heart are involved. (3) Combined ventricular hypertrophy 
may be present in patients with the dilated type and a prolonged 
course. 


SURGICAL TREATMENT 


Paul and Robbins** have recently reported their four-year experience 
with pericardial poudrage (introduction of talc into the pericardial 
sac). The rationale of this approach is based on the theory that the 
basic difficulty is the obstruction by the thick endocardium of the 
normal drainage of blood from the myocardium via the thebesian 
arterioluminal and arteriosinusoidal vessels.7* The assumption is that 
this produces severe myocardial anoxia. Of nine patients clinically 
diagnosed as having primary endocardial fibroelastosis, six survivors 
are alive and improved, two and a half to four years postoperatively. 

Although these results are impressive, the questionable pathophysio- 
logic concept, the wide variability of the natural history of this disease, 
its response to vigorous medical management, and the impossibility 
of proving the diagnosis except by autopsy prevent us from considering 
this therapy as more than an experimental approach at present. Fur- 
ther experience is needed before this treatment will gain general ac- 
ceptance. 


LEFT CORONARY ARTERY ARISING FROM THE PULMONARY ARTERY 


In this anomaly the left coronary artery which supplied the major 
part of the ventricular myocardium arises from the pulmonary artery. 
Most commonly the coronary ostium resides behind the posterior 
pulmonary cusp close to the aorta,”° in other cases behind the left 
sinus. 

Strictly speaking, this is a vascular congenital malformation. It is 
customary, however, to include it in the group of endomyocardial dis- 
ease because the type encountered in infants presents a common 
clinical syndrome and widespread endomyocardial changes. 

Kaunitz®* divided this anomaly into an adult and an infant group. 
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In the former, which represents about one third of the total, massive 
collateralization of the coronary circulation apparently occurs early in 
life; the myocardial structure and function remain adequate, and sut- 
vival into adult life without symptoms ensues. 

In the infant group the myocardial embarrassment is overwhelming; 
cardiomegaly is extreme. The left ventricle becomes hypertrophied and 
greatly dilated. The dependent myocardium undergoes massive fibrosis, 
and extensive areas of infarction, both acute and healed, affect chiefly 
the anterior and lateral walls of the left ventricle and the septum. 
Calcium deposition,®® ventricular aneurysms*® °! and myocardial rup- 
ture*® have been reported. Secondary endocardial fibroelastosis is con- 
stant, mural thrombosis common. 

Although anastomoses between the two coronary arteries occur, col- 
lateralization is insufficient. Death in infancy is the rule. 

The clinical findings in this condition do not differ from those pre- 
sented as applying to the entire group. However, since the classic 
paper of Bland, White and Garland,® it has been repeatedly stressed 
that most infants suffering from this anomaly have episodes resembling 
anginal attacks in adults. A review of 27 proved cases revealed that 
in only 11 were such attacks reported. On the other hand, comparable 
episodes are not rare in patients with primary endocardial fibroelastosis. 
Finally, it is worth mentioning that colic is a common pediatric prob- 
lem at the age when most of these infants exhibit symptoms. For 
these reasons we believe that the diagnostic value of these attacks has 
been overemphasized. 


PHYSIOLOGY 


The chief physiologic disturbance is represented by myocardial 
ischemia, manifested by extensive myocardial infarction and, occa- 
sionally, by anginal pains. As mechanisms for this, two theories have 
been offered: (1) a conventional view claiming that blood of low 
oxygen content, delivered at low pressure from the pulmonary artery, 
is supplied to the left coronary artery. (2) Edwards and Burchell?! 7% 
suggested that the two coronary arteries, by their free anastomoses, 
form a system which functions as an arteriovenous fistula. The pres- 
sure in the left coronary artery and the resistance in the pulmonary 
circuit being low, oxygenated right coronary blood flows retrogradely 
through the left coronary artery to drain into the pulmonary artery. 
By this “run off’ phenomenon the left ventricular myocardium is de- 
prived of an adequate blood supply. This view has found support in 
the experience of Apley and his associates,? and Case and his co- 
workers,!° by both operation and postmortem injections. 

Left ventricular failure is brought about by the progressive loss of 
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myocardial substance and the inadequacy of the remaining muscle. 
With chronic left-sided cardiac failure there may be sufficient back 
pressure to produce moderate pulmonary arterial hypertension. 


THE ELECTROCARDIOGRAM 


As an increasing number of electrocardiograms have become avail- 


able in the infant group, a relatively uniform pattern has emerged.” 
In the symptomatic stages of the disease these infants show the changes 
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Fig. 155. Left coronary artery arising from the pulmonary artery. Tracing obtained 
at one month. Prominent O waves in leads 1, aVL, V5, OS pattern in V6, with eleva 
tion of the S-T segment. Additional right ventricular hypertrophy. By 3 months of age 
there was a typical picture with huge OS waves and severely elevated S-T segments in 
the same leads. 


of extensive anterolateral or anteroseptal transmural myocardial in- 
farction: OT pattern in lead I and aVL; OS, Or or OR waves with 
symmetrically inverted T in the mid and/or left precordial leads. The 
latter may be localized to one lead or extend over a wider area. Signs 
of acute ischemia (S-T segment elevation) may accompany these 
findings during any stage. These features occur most often in hearts 
exhibiting a horizontal electrical position. 

Associated left ventricular hypertrophy and, in cases with prolonged 
cardiac failure, right ventricular hypertrophy may be present (Fig. 155). 

It is appropriate to point out that anomalous left coronary artery 
arising from the pulmonary trunk is not the only cause of myocardial 
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infarction in infancy. In fact, with the possible exception of glycogen 
storage disease of the heart (on which little electrocardiographic data 
are available), all the other conditions under discussion may be com- 
plicated by infarcts. In addition, a number of systemic diseases of child- 
hood and infancy may be accompanied by coronary insufficiency with 
or without coronary occlusion. * 

Differentiation by the electrocardiogram of left coronary artery 
arising from the pulmonary artery from the other causes of myocardial 
infarction may not be possible. The scant information available seems 
to suggest, however, that this latter group tends to have more discrete 
ischemic changes, limited to a more restricted area, that the location 
of the infarcts tends to be other than anterolateral, and that a vertical 
electrical position is more common. This also seems to be true for 
the cases of endocardial fibroelastosis with myocardial infarction. 

It should also be borne in mind that the Wolff-Parkinson-White 
syndrome is notorious for simulating myocardial ischemia; for this 
reason it may lead to confusion. The same holds true for the electro- 
cardiogram of some cases of paroxysmal tachycardia obtained after 
restoration of sinus rhythm (post-tachycardia syndrome) .** 

As early recognition is vital if success by surgery is to be achieved, 
diagnosis in the stages preceding advanced and irreversible myocardial 
damage would be of great interest. Information on this point is lacking 
at present. 


SURGICAL TREATMENT 


Despite the rarity of this anomaly (there are only about 50 reported 
cases), seven different operations have been proposed for its treatment: 

1. Direct anastomosis of aorta and pulmonary artery in order to 
increase both the oxygen content of the blood in this vessel and its 
pressure.®° This has been performed by Potts on two occasions without 
success.” 

2. Transplantation of the coronary artery either directly to the aorta 
or to one of its branches. Mustard is reported* *° as having attempted 
this approach without success. In theory, this method should produce 
the most physiologic results. 

3. Poudrage, in an attempt to revascularize the myocardium. Paul 
and Robbins*? have reported apparent success with this technique in 
one infant with electrocardiographic findings which were typical of 
anteroseptal myocardial infarction. Digitalis was discontinued eight 
months after operation. This patient is alive with no further signs 


* Progeria,2® hemorrhagic diatheses, Friedreich’s ataxia,55 progressive muscular 
dystrophy,®* myocardial tumors,24 anemia,2* leukemia, erythroblastosis fetalis, polyar- 
teritis nodosa,22 familial hypercholesterolemia, bacterial endocarditis, thrombotic 
thrombocytopenic purpura,?? acute febrile illness,1® rheumatic fever.?? 
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of cardiac failure three years after operation.®® He is said still to demon- 
strate occasional premature contractions, but is otherwise symptom-free. 
Although his heart is enlarged, the cardiothoracic ratio has remained 
stationary. 

4. Creation of supravalvular pulmonic stenosis, using the technique 
described by Muller and Dammann," in order to produce an effective 
pulmonary artery pressure just above the pulmonary valves. This has 
been performed by Kittle and his associates*? in one case without 
success. 

5. Ligation of the coronary artery was proposed by Burchell and 
Edwards,”! based on their concept discussed above. In the single case 
so treated by us the infant expired as the chest was being closed. 
However, prior to ligation, occlusion of the left coronary artery for 
five minutes failed to produce any apparent ill-effect on the action of 
the heart, nor was there any significant change in the electrocardiogram, 
which was observed continuously during this period. Similar experi- 
ences have been recently reported by others.!° These authors also 
observe that bright red blood drained from the cardiac end of this 
vessel after it had been detached from the pulmonary artery, thus con- 
firming the concept advanced by Edwards and Burchell. 

6. The procedure of Vineberg and Butler of implanting the internal 
mammary artery into the left ventricle has been proposed.*° To our 
knowledge, this has not been applied. 

7. Resection of the myocardial infarct, based on the experimental 
work of Gordon Murray.®* In their detailed discussion of the surgical 
correction of this anomaly, Apley and his associates? concluded that 
by the time the diagnosis can be made, irreversible localized myocardial 
degeneration will have taken place. Hence they believe that excision 
of the infarct, together with ligation of the anomalous coronary artery, 
is the treatment of choice. 

We agree that the lack of success to date has probably been due 
in large part to the advanced stage of this disease when the operation 
was performed. Early diagnosis is probably essential for success. 


GLYCOGEN STORAGE DISEASE OF THE HEART 


This is a congenital hereditary and familial error of metabolism in 
which there is an abnormal accumulation of glycogen, chiefly in the 
heart and striated muscles, but also in many other tissues of the body, 
including the liver. It is a generalized constitutional disease. It seems 
probable that the accumulation of glycogen in the myocardial fibers 
mechanically interferes with cardiac action, causing cardiac failure and 
death. The metabolic error is entirely different from that occurring 
in the hepatic type of glycogen storage disease.17 No laboratory evi- 
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dence of disturbed carbohydrate metabolism or enzyme deficiency has 
been elicited as yet.?® 

Recent analysis by Cori!® 2° of the glycogen in samples obtained 
from the heart and striated muscle in three cases failed to reveal evi- 
dence of abnormal glycogen structure. 

Although the heart is usually the primary organ involved, it now 
appears that this is not always true. A few patients have been re- 
ported**: 7? in recent years in whom both chemically and pathologically 
the skeletal muscle was chicky involved. It is this effect on the striated 
muscle which gives in many, but not all, cases the characteristic find- 
ings of weakness, poor muscle tone, depressed tendon reflexes, and 
macroglossia.1* When such findings are present in an infant with an 
enlarged heart, glycogen storage disease of the heart should be sus- 
pected. Demonstration of excessive glycogen deposition in a sample of 
skeletal muscle obtained by biopsy as suggested by di Sant’ Agnese et al.1* 
should serve to confirm the diagnosis. Correct antemortem diagnoses 
have been made.”® 

Pathologically, there is slight to marked cardiac enlargement with 
dilatation and hypertrophy of both ventricles. There is no increase 
in the size of the atria.17 The cut surface of the ventricles is usually 
pale pink. Histologically, the myocardial fibers reveal a “lacework” ap- 
pearance, being markedly swollen with glycogen-containing vacuoles.” 1* 

Although the onset of symptoms and even death may occur at birth, 
in most cases manifestations of the disease are delayed for several 
weeks or months, and death most frequently occurs between four and 
eight months. Death has occurred during the first year of life in nearly 
all reported cases. Of some interest are the reports of single cases by 
Nadas** and by Childs and his associates‘! of normal roentgeno- 
graphic appearance of the heart in the newborn period followed by 
the development of cardiomegaly prior to death, suggesting that there 
is a progressive accumulation of glycogen in this organ. 


THE ELECTROCARDIOGRAM 


The paucity of reported complete electrocardiograms makes impos- 
sible any valid generalizations at present. 

Early reports made it clear that increased voltage of the ORS com- 
plex and marked changes of the S-T segment and T wave are common. 

Johnson** pointed out the frequent occurrence of a pattern consist- 
ing of tall complexes with left axis deviation in the standard leads, 
depression with reciprocal elevation of the S-T segment in both periph- 
eral and precordial leads, inversion of T wave in all three standard 
leads and over the left precordium. Variations from this pattern are, 
however, not rare. Absence of left axis deviation (an example with right 
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axis deviation is given in Figure 156) occurred in six of the 14 tracings 
reviewed by us, and normal T waves and S-T segments were present 
in both cases of Childs and co-workers.1! Furthermore, the S-T and 
T changes may spare lead I. In other instances, though severe changes 
are present in the peripheral leads, they will be discrete in the chest 
leads (Fig. 1 of Friedman and Ash**). In addition, all these repolariza- 
tion abnormalities are qualitatively nonspecific, since they occur in a 
variety of conditions accompanied by myocardial damage, and to a less 
extent they may be due to tachycardia alone. For this reason, perhaps of 
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Fig. 156. The electrocardiogram in a 10-day-old female infant with glycogen storage 
disease of the heart who died 2 days later. Slight right axis deviation, combined 
ventricular hypertrophy and widespread ST-T changes. 


more importance in the recognition of the disease is the severe degree 
of S-T depression and T wave inversion®! and their extension over a 
wide area of the electrocardiogram. Rossi®** pointed out that high 
voltage ORS complexes may be lacking and that even low voltage is 
compatible with the disease. 

From the standpoint of ventricular hypertrophy, we are in agree- 
ment with Friedman and Ash,?° who feel that biventricular hyper- 
trophy is to be expected. This view does not find unequivocal support 
in the electrocardiograms reproduced in the literature. Unfortunately, 
few diseases have received less fair treatment by publication of incom- 
plete tracings, missing diagnostically crucial leads, absent supplement- 
ary leads and finally by entirely withholding reproduction. 
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Pure right ventricular hypertrophy has not been encountered and 
is not to be anticipated, for the pathologic process is widespread and 
involves the entire ventricular myocardium. 

The case of Nadas** is of particular interest because it demonstrates 
that the electrocardiogram became abnormal at the age of three weeks. 
Whether this represents a common phenomenon remains to be dem- 
onstrated. 

It was also noticed*® that the conduction time is short. ‘his seems 
to be due to a complete obliteration of the P-R segment. In the pres- 
ent review this was found in nine of 12 cases with available data on 
this point. An explanation for this is lacking. 

A point of interest, not generally recognized in the past, is that 
occasional cases of the hepatorenal type of glycogen storage disease 
(von Gierke’s disease) may show electrocardiographic changes. Rossi“ 
found signs of myocardial damage. Shaffer®* studied serial electro- 
cardiograms in two patients who had no cardiomegaly. In one a “right 
strain pattern” changed to “left heart strain’ over a period of three 
weeks. In the second there was progression of the initial “left heart 
strain” in approximately two months. 


CALCIFICATION OF THE CORONARY ARTERIES 


This rare condition occurs in infants as a part of an irregular gen- 
eralized deposition of calcium on the internal elastic lamina, together 
with fibrous proliferation of the intima of the arteries throughout the 
body. Death is apparently due to myocardial ischemia with or without 
infarction due to the involvement of the coronary arteries. The heart 
is usually enlarged and shows ventricular hypertrophy. 

In the 40 odd reported cases the ages at death have ranged from one 
day to 27 months, the large majority of deaths occurring in the first 
six months. 

The etiology is unknown. Both Cochrane and Bowden'* and Hunt 
and Leys** point out that the two most likely possibilities are (1) a 
congenital defect of the arterial wall and (2) an abnormality of cal- 
cium metabolism. No evidence has been gathered in support of 
either of these alternatives. The few electrocardiograms taken re- 
vealed evidence of either left ventricular hypertrophy, ischemia or ne- 
crosis.1*: 33, 56 

Because of the usual extensive calcification of the arteries in the neck, 
Cochrane and Bowden" suggest that this condition may be diagnosed 
by x-ray examination of this region. Weens and Marin have clearly 
shown in two infants the possibility of antemortem diagnosis by the 
demonstration of extensive delicate calcification in the arteries of the 
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arms of these patients. Of interest is the fact that in one of these 
patients there was persistent hypertension. How often hypertension 
occurs in this anomaly is not known. 


MYOCARDITIS 


Because of the many problems relating to myocarditis in the pedi- 
atric age group, both as to etiologic and pathologic diagnoses, we shall 
limit our discussion to instances with obscure etiology causing sufh- 
cient distress to produce the clinical picture outlined at the beginning 
of this clinic. These are the cases variously termed idiopathic, isolated, 
interstitial or Fiedler’s myocarditis. It is usually impossible to de- 
termine whether an associated respiratory infection is a secondary 
infection or the cause of the heart disease. Recently there have been 
a number of reports**: ™! demonstrating the Coxsackie virus to be a 
cause of myocarditis in newborn and young infants. Many cases now 
included in this almost certainly heterogeneous group may be of viral 
origin® or part of a generalized systemic disease. Further application 
and improvement of diagnostic techniques will in the future undoubt- 
edly decrease the number of cases classed as idiopathic or isolated 
myocarditis. 


PATHOLOGY 


Grossly, the heart is almost invariably enlarged, owing chiefly to 
dilatation rather than to hypertrophy. However, in contrast to the 
other “endomyocardial diseases” under discussion, it may rarely be 
normal in size despite the fact that the patient died of a cardiac death. 
The myocardium is flabby and pale. Though there is, of course, wide 
variation in both the distribution and degree of involvement, changes 
are nearly always present in both ventricles.** ® 

Histologically, the inflammatory changes are highly variable and not 
specific. The cellular infiltrate may be mild or severe, diffuse or patchy. 
It is usually composed chiefly of lymphocytes with few polymorpho- 
nuclear leukocytes. The muscle fibers are edematous and often show 
fragmentation or necrosis. Interstitial fibrosis may be present. The 
duration of the illness unquestionably influences the histologic pic- 
ture.®6. 65, 69 

With the exception of possible mural thrombi, involvement of the 
endocardium is minimal.®® 

Saphir and Cohen® believe that it may be possible to distinguish 
pathologically viral myocarditis from the isolated or idiopathic type by 
the presence of focal areas of necrosis in the former and the pre- 
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dominant interstitial location of the inflammatory changes in the 
latter. 


THE ELECTROCARDIOGRAM 


There is no uniform electrocardiographic pattern. The range of vari- 
ations seems to be wider than in any of the other conditions of the 
group. The changes may be caused by any disease process affecting 
the myocardium, be it inflammatory or degenerative; interstitial, paren- 
chymal or vascular; organic or functional (e.g., hypopotassemia); and 
thus are not specific. Also, they may be indistinguishable from the 
electric manifestations of pericarditis. 

A characteristic feature is the extreme variation, both in quality and 
in degree, which occurs in the same patient from record to record. 

The findings may be tentatively summarized as follows: 

1. Patterns of diffuse myocardial damage: low voltage ORS through- 
out the electrocardiogram, more striking in the standard leads; wide- 
spread flattening or low voltage inversion of the T waves; nonlocalized 
S-T segment depression. This is the frequent picture and is considered, 
since Miller’s description,®! “a dependable pattern of myocarditis.” 
Differentiation from pericarditis or hypopotassemia, however, may not 
be possible. 

2. Conduction disturbances, either atrioventricular or intraventricular. 

3. Rhythm disturbances, ranging from unifocal extrasystoles to severe 
supraventricular or ventricular arrhythmias. Occasionally paroxysmal 
tachycardia is the presenting manifestation, and only the resistance to 
treatment and the course of the disease will reveal its true identity. 

4. Patterns of myocardial infarction have been reported. They seem 
more frequent than thought previously. When associated with re- 
duced voltage of the ORS, a presumptive diagnosis of myocarditis 
rather than left coronary artery arising from the pulmonary artery 
should be made. 

5. Patterns of left ventricular hypertrophy are uncommon. The ORS 
voltage seems to be usually lower than in endocardial fibroelastosis, 
but this is not necessarily true. For this reason, as previously 
noticed,*®-*4 the electrocardiograms in the two conditions may be in- 
distinguishable. The T waves over the left precordium may be merely 
flattened, but may also be sharply inverted. At times they may extend 
over four to five chest leads, a finding not encountered in endocardial 
fibroelastosis. S-T segment depression is usually discrete, but it extends 
over a wide area of the tracing. Occasionally it is so marked as to 
resemble the electrocardiogram of glycogen storage disease of the heart. 

6. P wave changes of the P pulmonale or P mitrale types. 
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Many combinations of the foregoing may occur. The relative frc 
quency of the various patterns cannot yet be established. 


IDIOPATHIC MYOCARDIAL HYPERTROPHY 


There remains a small group of patients dying in the pediatric ag: 
range whose hearts are considerably enlarged without apparent causc 
After careful pathologic examination it is not possible to fit these case 
conveniently into any of the above-mentioned categories; hence th« 
term “idiopathic myocardial hypertrophy.” Whether or not this is a 
homogeneous group is not clear. At autopsy there is usually marked 
ventricular hypertrophy, principally of the left ventricle. In addition. 
there are varying degrees of patchy mural and interstitial fibrosis 
together with foci of myocardial degeneration. Multiple vacuoles may 
be seen in the myocardial fibers. The absence of significant inflamma 
tory reaction has been used to distinguish this group from myocarditis. 
While subendocardial fibrosis is often present, it tends to be patchy 
and is not marked.® °§ 

Clinically, this disease manifests itself in the same fashion as the 
other “primary endomyocardial diseases’”” under discussion. Judging 
from the reports in the literature on adult patients, there is a wide 
range of variability in the electrocardiographic findings, similar to the 
variability of the patterns described under Primary Endocardial Fibro- 
elastosis (p. 1067). Left ventricular hypertrophy is a common finding.™ 

With the exception of a small number of infants reported,'* ® most 
of the children dying of this disease have been in the second decade 
of life.® ® 

In some instances there is a strong familial tendency. Evans*> has 
used the term “familial cardiomegaly” to describe these patients. 
Spodick and Littman*®* exclude cases with a strong family history. 
We believe that, at present, this exclusion is arbitrary, since clinically 
and pathologically the findings appear to be identical. The two cases 
of this disease in the files of Children’s Hospital of Buffalo were both 
from the same family. The electrocardiographic findings in one of these 
children, a 12-year-old boy, revealed evidence of left ventricular hyper 
trophy with acute ischemia. 
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HEART DISEASE IN THE NEWBORN 


JEROME LEIBMAN, M.D. 


ALEXANDER S. NADAS, M.D. 


T he care of the newborn is one of the most puzzling aspects of pedi- 
atrics. Major readjustments of the cardiovascular system occur in the 
neonatal period, often giving rise to signs and symptoms simulating 
heart disease. ‘The pediatrician is often compelled to express an opinion 
within the first few days or hours as to whether heart disease is present 
or not. All too frequently no definite answer can be given, even after 
the cardiologist has been called in. 

The purpose of this brief clinic is to give some signposts to the 
pediatrician without going into intricate details of differential diagnosis. 
We are going to try to stress (1) the differentiation of the physiologic 
from the pathologic, (2) the statistically more important pathologic 
situations occurring at this age, (3) the conditions requiring specific 
action, and (4) therapeutic steps to be taken. 

Since the reader is primarily not a cardiologist, and since accurate 
diagnoses are seldom attached to the bassinets of newborn babies, we 
are going to assess the problems according to the usual presenting signs 
and symptoms. 


CYANOSIS 


Under normal conditions, within the first few hours of life, a baby’s 
skin becomes pink. As a notable exception to this, it may be mentioned 
that the soles and occasionally the palms may stay blue for several days, 
probably because of local circulatory factors. 

Generalized cyanosis, including the mucous membranes and the nail- 
beds, should be clearly differentiated from generalized mottling of the 
skin, a normal phenomenon in most instances. 

The most common cause of generalized cyanosis in the newborn 
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period is inadequate aeration. ‘This can be identified in some instance: 
only by exclusion; in most cases, however, the removal of respirator 
obstruction (mucus), the prompt diminution of the blueness with 
oxygen inhalation, or the radiologic image of unexpanded areas of lung, 
will positively identify the respiratory tract as the cause of the cyanosis. 
The most dramatic and most dangerous type of true pulmonary diseas« 
giving rise to cyanosis is the so-called hyaline membrane syndrome, 
known in many institutions as “respiratory distress,” because of the 
characteristic rapid, grunting respirations accompanied by subcostal 
retraction. Although this may have some cardiovascular implications in 
terms of etiology, we do not believe it should be discussed here. 

Another noncardiac cause of cyanosis always to be borne in mind is 
central nervous system disease. The spectrum of intracranial hemorrhage 
extends from the rare tentorial tears to common microscopic lesions 
secondary to anoxia. Identification of cyanosis of cerebral cause may be 
difficult. It may be suspected if the blueness is episodic and transient, 
particularly if accompanied by convulsions, depressions or other evi- 
dence of increased intracranial pressure or hemorrhage. 

Finally, the blue skin color due to hemoglobin abnormalities, that is, 
methemoglobinemia, should be mentioned only in passing, as an ex- 
tremely rare occurrence. 

Cyanosis not due to any of the above causes, particularly when occur- 
ring in a baby with other evidences of heart disease (murmur, cardio- 
megaly or congestive failure), should be assumed to be of cardiac origin. 

On the whole, the earlier and the deeper the cardiac cyanosis, the 
more severe its implications. Babies becoming severely cyanotic owing 
to heart disease in the first fews days of life have a poor prognosis. They 
also usually have conditions not amenable to surgery. The most impor- 
tant lesions to be considered—in order of frequency,—with their salient 
diagnostic points, are the following: 

1. Transposition of the great arteries 

a. Cardiac enlargement and congestive heart failure some time after the first 
day, never at birth 
b. Egg-shaped heart, usually with pulmonary vascular engorgement 
c. No striking murmur 
d. Electrocardiogram indicative of moderate right ventricular hypertrophy 
e. Severe cyanosis 
. Hypoplastic left heart syndrome (including coarctation of the aorta and endo 
cardial fibroelastosis ) 
. Cardiac enlargement, often maximal at birth 
. Congestive failure 
. Possible engorgement of pulmonary vessels 
. Relative hypertension of right arm 
. Faint or nondescript murmur 
. Electrocardiogram indicative of right ventricular hypertrophy 
. Moderate cyanosis 


. Multiple defects with two- or three-chambered heart 
a. Large heart some time after birth with pulmonary vascular engorgement 


Nm 


Mneanope 


ws 




















JEROME LEIBMAN, ALEXANDER S. NADAS 1089 


b. Systolic murmur 
c. Congestive heart failure 
d. Electrocardiogram indicative of right ventricular hypertrophy 
4. Severe tetralogy of Fallot 
a. Small boot-shaped heart with decreased pulmonary vasculature 
b. Harsh systolic murmur at left sternal border with decreased Po 
c. No congestive heart failure 
d. Electrocardiogram indicative of right ventricular hypertrophy 
e. Severe cyanosis 
. Tricuspid atresia 
a. Small or moderately enlarged heart with decreased pulmonary vasculature 
b. Nondescript systolic murmur 
c. No congestive heart failure 
d. Left ventricular hypertrophy with left axis deviation and P pulmonale in the 
electrocardiogram 
e. Severe cyanosis 
6. Pulmonic stenosis with intact ventricular septum and atrial right-to-left shunt 
a. Cardiac enlargement at or after birth 
b. Pulmonary vasculature decreased 
c. Severe right ventricular hypertrophy with P pulmonale in electrocardiogram 
d. Harsh systolic murmur at upper left sternal border and suprasternal notch 
7. Acyanotic conditions causing secondary cyanosis through left-sided heart failure, 
as in (a) patent ductus arteriosus, (b) aortic stenosis, (c) cor triatriatum, 
(d) mitral stenosis 


A special type of innocuous cyanosis to be mentioned, occurring usu- 
ally within the first few hours and days of life, is characterized by blue- 
ness of the left arm, trunk and both lower extremities. This is pre- 
sumably due to temporary patency of the ductus arteriosus with a right- 
to-left shunt, and is of no serious consequence, disappearing within a 
matter of days. 


vi 


MURMURS 


Only about 2 per cent of newborns have noticeable murmurs. Accord- 
ing to Lyon,'* about half of these disappear by the end of a week. 

The significance of the murmur is proportional to its loudness in 
most instances. However, it is important to stress that we have noted 
grade 4 or 5 systolic murmurs disappearing within the first month of 
life. The presence of other evidence of heart disease (cardiac enlarge- 
ment, cyanosis) obviously indicates that the murmur is significant. 

The time of the appearance of the murmur within the neonatal 
period cannot be relied upon in judging its significance. Although most 
significant murmurs are audible within the first few days of life, others 
of great importance do not appear until the second or fourth week, or 
even later. On the whole, the murmurs associated with semilunar sten- 
osis or ventricular septal defect manifest themselves earliest. 

The character of the murmur also cannot be taken as clear-cut evi- 
dence in indicating significance. Sometimes a soft murmur may accom- 
pany significant heart disease, whereas in other instances a stenotic 
murmur may be only transient. 
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Richards’ statistics*: '° on the significance of neonatal murmurs, bas« 
only upon the time of appearance (disregarding intensity, character, « 
associated evidence of heart disease), are very helpful (see Tables 2 
21). 


raABLE 20. Correlation of the Probability of Congenital Heart Disease with the A; 
of Discovery of the Murmurs 





MURMURS HEARD CHANCE OF CONGENITAL HEART DISEA 
% 
Birth 8.3 
6 months (1st time) .. 59 
12 months (1st time) oo ae 
Birth + 6 months ee 
Birth + 6 months + 12 menths 60.0 
6 months + 12 months. 16.66 


rABLE 21. Percentage of Total Number of Children with Murmurs at Varying Ages 





TIME OF MURMUR INCIDENCE (1ST HEARD)* PREVALENCE (TOTAL HEARD 
q q 
Birth.... 1.7 1.7 
6 months.... 3.9 4.2 
12 months.... pe 4.2 





Tables 20 and 21 adapted from Richards et al.*! 
* Actual percentage discovered at a given age. 
t Cumulative percentages. 


It is important to note, however, that she did not include in the statis 
tics babies dying of congenital heart disease in the first week of life, nor 
did she note when during the first week of life the neonatal examinations 
were made. Since 50 per cent of murmurs at 24 hours disappear by a 
week of age, the latter point may be quite important in evaluating 
her data. 

The careful analysis of a significant murmur may be of considerable 
assistance in arriving at the correct anatomic diagnosis. The following 
important points should be made: 

1. Continuous machinery murmurs are rarely heard in the neonatal 
period. If such a murmur is observed, it practically never indicates the 
presence of a patent ductus arteriosus, but rather signifies some form of 
truncus arteriosus. 

2. A murmur louder in the back than in the front usually means a 
coarctation of the aorta. 

3. A harsh, rasping, easily audible murmur at the second left inter- 
space means pulmonic stenosis. At the second right interspace, the same 
type of murmur means aortic stenosis. 

4. Patent ductus arteriosus gives rise to a systolic murmur of uneven 
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haracter, which may be heard anywhere along the left sternal border, 
not only at the second left interspace. 

5. Ventricular septal defects often are accompanied by a harsh, well 
localized systolic murmur at the lower left sternal border. 

6. Cyanotic disease without murmur usually has a worse prognosis 
than that with a good stenotic murmur. 

7. A palpable thrill almost always indicates significant heart disease, 
usually semilunar stenosis, ventricular septal defect or patent ductus 
arteriosus. 


ABNORMAL RESPIRATION 


The newborn undergoes rapid respiratory adjustments during the 
birth process. Unlike the heart, which has been functioning from the 
second month of gestation on, the lungs have remained virtually inactive. 
Yet, immediately after birth, the child depends for survival upon a 
respiratory system functioning at near optimal level. Within a very few 
minutes the arterial saturation usually becomes essentially normal. 

The average respiratory rate in the newborn is approximately 40 per 
minute, though rates of 60 per minute have been noted in otherwise 
normal prematures. The tidal air per square meter closely approximates 
that of adults, as does the minute volume. 

Minor deviations from the normal are not uncommon, however. 
Cheyne-Stokes respirations may be noted in normal newborns, especially 
prematures. Also, when the newborn is asleep or very quiet, arterial 
saturation may decrease, secondary to ineffective respirations. Both these 
phenomena are most likely due to inefficient cerebral stimuli to breath- 
ing and are obviously more pronounced when cerebral injury is present. 
Slight degrees of intercostal or subcostal retraction may also occur in 
normal newborns, particularly prematures, and may be caused by the 
particular elasticity characteristics of the rib cage. 

An increase in respiratory rate, however, is almost always due to pul- 
monary or cardiac pathology. If the increased rate is due to pulmonary 
disease, diminished breath sounds, rales, cyanosis clearing in oxygen, 
grunting, retractions, and the characteristic x-ray picture help establish 
the diagnosis. ‘Tachypnea caused by heart disease might be identified 
by other evidences of cardiac pathology—for example, murmur, cardio- 
megaly, abnormal electrocardiogram, and cyanosis increasing on crying 
and not responding dramatically to oxygen. Paroxysmal tachypnea, ac- 
companied by increasing cyanosis (“anoxic spell”), may sometimes be 
the sole obvious manifestation of severe congenital heart disease. The 
heart may be rather small and the maximal pulmonic stenosis may not 
give rise to any murmur. The electrocardiogram is often the only clinical 
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tool identifying the cardiac pathology. Persistent tachypnea on a cardia: 
basis is usually due to left-sided failure or mitral valve obstruction. 


CARDIAC ENLARGEMENT 


An enlarged heart may often be suspected in the newborn on the basi 
of the physical examination. An apex beat beyond the nipple line or an 
unusually forceful beat on palpation may suggest cardiomegaly to the 
physician. 

If the suspicion of heart disease is raised by physical examination— 
or even in order to check the degree of aeration of the lungs—a chest 
film is usually obtained. The radiogram, however, may commonly be 
misleading in the determination of heart size. The first obstacle is that 
no reliable standards for size of the newborn heart are available; and 
cardiothoracic ratios are equally unreliable. The reasons for these in- 
adequacies are manifold; one may mention the technical difficulties of 
correct positioning, the fact that the phase of respiration cannot be 
controlled, and the obscuring of the cardio-silhouette by the thymus. 

Consequently x-ray reports suggesting cardiac enlargement in the 
newborn have to be interpreted with caution. Only gross cardiomegaly 
(cardiothoracic ratio of greater than 75 per cent) should be taken as 
unequivocal evidence of heart disease—and this only if the presence of 
an enlarged thymus can be excluded by fluoroscopy. Contrariwise, x-ray 
findings of a normal-sized heart may not be used as evidence against 
significant heart disease. 

Obviously, if other suggestive evidence of heart disease exists, then 
the size and the shape of the heart, as shown by x-ray, become very 
useful adjuncts in diagnosis. We would like to mention specifically that 
a right ventricular contour (coeur en sabot) is normal in the newborn, 
whereas the left ventricular contour of the normal adult heart is distinctly 
abnormal in this age group. As an aid in the interpretation of the 
size and the shape of the heart, we may of course use the appearance of 
the pulmonary vasculature. This is also extremely difficult to evaluate, 
however; plethoric lungs may indicate an infectious process, whereas 
ischemic lung fields may in reality be unexpanded lungs or overpene- 
trated films. 

In summary then, moderate cardiac enlargement as a sole manifesta- 
tion of heart disease should be accepted with the greatest degree of 
deliberation only. 

Assuming that the newborn is strongly suspected of having congenital 
heart disease, certain characteristic radiologic pictures may prove helpful: 

1. Boot-shaped heart with ischemic lung fields is commonly seen in 
tetralogy of Fallot and tricuspid atresia. 

2. A small heart with ground glass—appearing lung fields may raise the 
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suspicion of complete transposition of the pulmonary veins below the 
diaphragm. 

3. A moderately enlarged, egg-shaped heart with a narrow base and 
without a main pulmonary artery at the usual place may suggest com- 
plete transposition of the great arteries. The enlargement is seldom 
present at birth. 

4. A large heart with prominent main pulmonary artery and pul- 
monary plethora should bring the hypoplastic left heart syndrome to 
mind. 

5. A huge heart noticed at birth suggests aortic or pulmonary atresia. 


CONGESTIVE FAILURE 


Congestive heart failure is surprisingly common in the newborn period. 
Approximately 20 per cent of all children with congenital heart disease 
destined to go into failure do so in the first week of childhood.*® The 
pattern of failure is usually right sided; a liver greater than 3 cm. below 
the right costal margin and peripheral edema (particularly facial) are 
the most important manifestations. The neck veins are difficult to evalu- 
ate, and ascites is rare. Left-sided failure is on the whole less common 
and may be recognized on the basis of rales and paroxysmal pulmonary 
edema. The difficulty in differentiating left-sided failure from pul- 
monary infection is obvious, and this differentiation may be accom- 
plished only after careful evaluation of all the evidence (heart rate, 
murmur, cyanosis, etc.). 

If one can exclude infectious—probably viral—myocarditis as the 
cause of congestive failure, the following congenital heart lesions should 
be considered in order of frequency: (1) hypoplastic left heart syn- 
drome, (2) transposition of the great arteries, (3) coarctation of the 
aorta, (4) patent ductus arteriosus, (5) hypoplastic right heart (severe 
pulmonic stenosis), (6) endocardial fibroelastosis. Although the first 
two lesions are not amenable to corrective surgery at present, the remain- 
ing, with the exception of fibroelastosis, may lend themselves to surgical 
therapy. It may be worth while to describe here in detail the actual 
diagnostic features of these three entities, since surgical intervention, 
although very rarely necessary in the neonatal period, may be lifesaving. 

Coarctation of the aorta may be recognized most readily by the absent 
or weak and late femoral pulses. Confirmation may be obtained by rela- 
tive hypertension of the upper extremities. It is important, on account 
of the well known anatomic features of coarctation of the aorta, to 
compare the right arm pressure with the blood pressure in the lower 
extremities. The murmurs are usually unimpressive, but in typical cases 
a harsh systolic murmur is heard best between the scapulas. Although 
cyanosis is not an integral part of the classic picture of uncomplicated 
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coarctation of the aorta, in babies with severe left-sided heart failu 
cyanosis may occur on a pulmonary basis. The x-rays show significa: 
cardiac enlargement and pulmonary congestion. The electrocardiograi 
reveals right ventricular hypertrophy alone or with left ventricular hype 
trophy. 

Patent ductus arteriosus frequently reveals itself by the presence « 
bounding peripheral pulses. Blood pressure determination by the au: 
cultatory method demonstrates a wide pulse pressure. Usually this charac 
teristic feature is present only after successful anticongestive measurc 
have reduced the peripheral vasoconstriction.** A continuous machiner, 
murmur is practically never heard, but a rough systolic murmur is often 
observed at the left sternal border. Pulmonary congestion may cause 
cyanosis in these patients as well. The radiogram and the electrocardio 
gram are not particularly helpful; pulmonary congestion and involve 
ment of the right ventricle or both ventricles are found. 

Severe pure pulmonic stenosis, in contrast to the other two correctible 
lesions, is characterized by pure right-sided failure with clear lung fields. 
The cyanosis is often deep and does not disappear with anticongestive 
measures. The characteristic stenotic systolic murmur at the second left 
interspace is usually not as loud as expected and sometimes may even be 
entirely absent. The electrocardiogram shows severe right ventricular 
hypertrophy with “strain” and P pulmonale. The x-rays show a large 
heart, with clear lung fields. A pulsating liver, if present, is practically 
diagnostic of this entity at this age. 


ARRHYTHMIAS 


The newborn heart rate is rapid (sometimes as high as 160 to 180 
per minute) and regular. Both these characteristics—rate and rhythm— 
may change. 

An unusually slow rate (below 60 to 80 per minute), present in utero, 
may indicate complete atrioventricular block. The electrocardiogram 
confirms the diagnosis. On the whole the prognosis, in the absence of 
accompanying cardiac disease, is good. 

A regular rapid rate—over 180 per minute—is almost without excep- 
tion due to paroxysmal supraventricular tachycardia. This also may be 
present before delivery. The diagnosis cannot be made with certainty 
without a cardiogram. The prognosis is good, though recurrences maj 
occur. Treatment is indicated, however, because long-standing tachy- 
cardia may lead to congestive heart failure. Most newborns with 
paroxysmal atrial tachycardia—particularly the male infants—have no 
associated heart disease. 

An irregular rhythm at a normal rate is not likely to lead to congestive 
heart failure. This too may present itself in utero and is likely to appear 
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in babies with a structurally normal heart. Electrocardiographic analysis 
reveals one of two entities: (a) frequent supraventricular premature 
beats—so called “arrhythmia of the newborn”—and (b) congenital atrial 
flutter with varying atrioventricular block. Although both entities are 
likely to reverse themselves spontaneously within a few days or weeks, 
the first mentioned is the more benign of the two. The “arrhythmia of 
the newborn” practically never needs therapy. By contrast, patients with 
atrial flutter should be watched carefully because either their ventricular 
rate may suddenly increase or congestive failure may appear as a conse- 
quence of the occasionally accompanying heart disease. 


ABNORMAL ELECTROCARDIOGRAM 


The cardiogram of the normal newborn reveals sinus tachycardia, an 
axis of greater than +-90 degrees, a vertical heart, and chest leads charac- 
teristic of right ventricular hypertrophy. ‘The T waves in all chest leads 
are upright for 24 to 48 hours; beyond that period T in V;-2 is certainly 
inverted. T' in V5. is upright. 

The changes in rate and rhythm have been discussed previously. 

The presence of left ventricular hypertrophy—or normal adult left 
ventricular dominance—indicates heart disease at this age. The most 
common lesions associated with this pattern are tricuspid atresia, aortic 
stenosis and “primary myocardial disease.” 

Abnormal degrees of right ventricular hypertrophy in the newborn 
period are characterized by (1) pure R in Vj, preferably greater than 
10 mm., (2) qR in V;, of any length, (3) R of greater than 17 mm. in 
RS pattern, (+) upright T in V,; beyond 48 hours, (5) right axis devia- 
tion greater than 135 degrees. Most of these conditions have been dis- 
cussed under the cyanotic group. 

In case of doubt a repeat electrocardiogram at six weeks of age 
may clarify the situation. 


THERAPY OF HEART DISEASE IN THE NEWBORN 


1. Congestive Failure. The general principles outlined in another sec- 
tion of this volume should be adhered to. Every patient—at any age— 
in congestive failure should be treated vigorously! 

2. Corrective surgery in the newborn period is dramatic, but very 
seldom successful. The performance of a shunt procedure may prove 
to be lifesaving in cases of extreme tetralogy of Fallot or tricuspid atresia, 
but the mortality has to be considered at least 50 per cent. It is also worth 
remembering that some of the babies spontaneously open up some 
collaterals and may improve considerably. Sometimes it is very difficult 
to decide whether conservative management or aggressive surgery in- 
volves the higher mortality. 
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A large patent ductus arteriosus causing cardiac failure should b 
operated upon without any question, after vigorous anticongestive meas 
ures have been fully employed. 

Coarctation of the aorta—in our opinion—should be corrected surgi 
cally in the newborn period only if medical means fails to bring abou 
disappearance of evidences of congestive failure. 

Pure pulmonic stenosis should be operated upon in the newborn 
period only if it leads to congestive failure. In this instance probabl; 
a palliative Brock type valvotomy should be performed, instead of th« 
more complex open heart procedure. 

3. Anoxic spells of cyanotic disease should be combated by oxygen 
and morphine in doses of 0.1 mg. per pound subcutaneously. 


CONCLUSIONS 


1. The physical examination, particularly the identification of con- 
gestive failure and the recognition of cyanosis, probably provides the 
best evidence of heart disease in the newborn period. Murmurs, although 
of themselves of dubious significance, are more likely to indicate heart 
disease at this age than at any other period. 

2. The electrocardiograms and the radiograms are only ancillary tools 
in the diagnosis. Fluoroscopy should be used sparingly because of the 
increased amount of radiation involved. 

3. Recognition and vigorous treatment of congestive failure or anoxia 
are more important than arriving at the correct diagnosis at this age. 
Only very rarely is treatment in the newborn dependent upon diagnosis; 
surgical intervention today is only exceptionally indicated in cases of 
extreme pulmonic stenosis, tricuspid atresia, coarctation of the aorta or 
patent ductus arteriosus. 

4. Since most anatomic diagnoses at this age are based upon proba- 
bility rather than anatomic signs and symptoms, it is rarely wise to be 
too specific about prognosis for some weeks after the discovery of heart 
disease. 

5. With the further advances in cardiac surgery, accurate anatomic 
diagnosis may become of paramount importance even in the newborn 
period. Under these circumstances, all the clinical and physiologic 
diagnostic tools will be utilized. 
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HYPOTHERMIA IN THE 
PEDIATRIC AGE GROUP 


ROBERT W. VIRTUE, M.D. 


S. GILBERT BLOUNT, JR., M.D. 


There is considerable evidence that the temperature regulatory power 
of infants and children is less well developed than that of adults. It 
also appears that infants are much better able to survive low tempera- 
tures than are adults. Obtaining scientifically controlled values from 
human subjects is, of course, difficult. It therefore is necessary to pre- 
sent some objective pertinent data from other species. 


TOLERANCE TO HYPOTHERMIA 


Animal Experiments 


Miller’® states that information concerning the more adequate toler- 
ance of low temperatures by infants than by adults was obtained by 
Boyle as early as 1665 and that Edwards observed similar facts in 1824. 
Fazekas’ noted that a fall of temperature was a factor that permitted 
survival of the newborn rat and puppy on exposure to hypoxia and 
that the same exposure was fatal to older animals. Fairfield® told of 
experiments in which she cooled rats that were less than 17 days old 
to a temperature as low as 2° C. In all experiments with animals up 
to 10 days old the metabolic rate became zero—according to her 
method of measuring oxygen uptake—and remained so for as long as 
108 minutes, followed by complete recovery. Those rats 10 to 17 days 
old that died did so at temperatures between 3 and 7° C. There 
appeared to be some factor in the adult rat which resulted in death 
at temperatures between 13 and 16° C. 

Adolph?: ? observed that in the cat, hamster, rat, mouse, guinea pig 
and rabbit the temperature which proved to be lethal was higher as 
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the age of the animal increased. He also noted that the use of oxyge: 
prolonged survival below 12°. The suggestion was made that diffusio: 
of oxygen through tissues other than lungs may have been involved. 

Miller’® has studied the effects of both elevated and lowered tem 
peratures on survival and recovery of neonatal guinea pigs exposed t: 
hypoxia. There was a linear increase in percentage of surviving anima! 
with lower temperature down to 20° C. A 14 per cent increase i) 
survival time occurred if the animals were cooled during the hypoxi 
episode. Cooled rats survived an exposure to hypoxia that proved letha! 
to their uncooled littermates. On the basis of their results, Miller sug 
gested that hypothermia rather than warming be used in treatment o! 
asphyxiated babies. 

Maguire and Merendino™ reported that all 15 of adult dogs went 
into ventricular fibrillation when cooled to 20°, whereas none of 15 
juvenile dogs fibrillated even at 13° C. 


Oxygen Uptake 


Bigelow et al.* with dogs and Stone et al.*? with human subjects 
observed that shivering increased oxygen requirements. Stone found 
that an oxygen uptake as much as 100 per cent above normal was 
present during pronounced shivering. 

Several persons have found that cooling a conscious subject results 
in a greatly increased oxygen use and very slow cooling. Excellent 
relaxation, therefore, seems to be a requisite for safe and adequate 
cooling. Without relaxation an increased oxygen uptake can actually 
be a danger rather than a help in case of anoxia (cessation of circula- 
tion). Whether done by means of deep anesthesia, by “blocking 
agents” or relaxing agents, shivering must be prevented to diminish 
oxygen demand. 


SPONTANEOUS WARMING 


The temperature-regulating center of the infant is not well devel- 
oped. Gross'® says: “The body temperature of a small infant can 
readily fall to 90° F. in a cool operating room, or rise to 105° F. in an 
overheated one.” Bigler and McQuiston® observed that eight of 109 
cyanotic children showed signs of cerebral hypoxia at the end of sur- 
gery of the great vessels. Four of the eight died. This led them to 
institute a routine of putting their children onto a cooling mattress 
through which water at controlled temperatures could be circulated. 
In their ensuing 108 patients only three had signs of cerebral hypoxia. 
This method of moderate cooling has been accepted as a desirable 
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procedure whenever the patient or the operating room is above normal 
temperature, or when the child has a rapid pulse. This is so much 
a part of our own operating room routine that data are presented in 
Table 22 only for those patients whose temperatures were 32° C. or 


raABLE 22. Children under 14 Years Operated upon at Temperatures below 32° C. 





PATHOLOGY NUMBER OF NUMBER OF 

PATIENTS DEATHS 

Atrial septal defects (secundum). . . 2 
Valvular pulmonary stenosis. . . . 1 
Aortic stenosis. . - a 3 

Trilogy of Fallot... 4 1 

Ventricular septal defects... .. 6 5 
Isolated infundibular stenosis. . . 1 0 
Tricuspid atresia. . . 3 1 

Atrial septal defects (primum). . 4 2 
Total anomalous pulmonary venous drainage............. 2 1 
Atypical patent ductus arteriosus............. 7 0 
Tetralogy of Fallot....... 22 2 

Total... 157 18 


less. Thirty-two degrees is approximately the temperature at which a 
patient becomes lethargic. 


SPONTANEOUS COOLING 


France™ observed that temperatures of 12 newborn infants under- 
going surgery in Glasgow (temperature of operating room not stated) 
spontaneously dropped to values ranging from 84° F. (28.9° C.) to 
97° F. (36.1° C.), with an average of 89.8° F. (32.1° C.). Duration 
of the anesthesia was from one to three and a half hours. Bigler and 
McQuiston® found that the rectal temperatures of three infants under 
two weeks of age fell spontaneously to 93° F. (33.9° C.). 

Stephen?! says that it is not unusual for a baby’s temperature to drop 
as low as 95° F. during a surgical procedure. Temperatures of infants 
have been observed in our own operating room at the end of surgery 
as low as 91° F. (32.8° C.). When cold, infants tend to be somewhat 
lethargic. Complete recovery has been observed with warming the 
patients. 


EXPERIENCES WITH INFANTS UNDERGOING GENERAL SURGERY 


Hypothermia is probably being used more for noncardiac surgery 
today than for cardiac cases. The rationale, of course, is to diminish 
tachycardia and hyperpyrexia. In most instances the temperature is 
carried to 33 to 35° well away from any temperatures that might 
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involve aberrant cardiac function. Only surface cooling has bee: 
used for such cases. 

Brayton and Lewis® used mild hypothermia as an adjunct for pre 
paring acutely ill febrile children for surgery and for normothermic 
children for prolonged elective operations. They believe that it afford: 
the patients a greater margin of safety. Kilduff et al.1> used a similai 
technique for infants having repair of cleft lip or palate. They stated 
that the operative field became nearly bloodless and that little 
anesthesia was required. The postoperative condition of these children 
was especially good. Lewis et al.!® described results with 363 hypo 
thermic pediatric procedures. They stressed the importance of hyperven- 
tilation and of prevention of shivering. They observed seven cases of 
changes in subcutaneous fat, all nonfatal. Since their patients were 
put directly on and under ice, it seems probable that pressure was a 
factor involved. Ventricular fibrillation occurred in eight of their 
cardiac patients, all of whom had been cooled to below 28°. Present 
practice keeps the temperature above 28°. The heart of one patient 
stopped. This patient was given procainamide. The author has had 
his hand on the heart of a dog as procainamide was injected; the 
heart became flabby almost immediately. Administration of this drug 
to a patient whose heart beat is inadequate would seem inadvisable. 

Experiences with these 363 patients led Brayton and Lewis® to state 
that hypothermia (1) counteracts deleterious effects of hyperthermia 
and diminishes oxygen use in the chronically hypoxic patient; (2) 
reduces cerebral thrombosis; (3) protects against anoxic cord damage 
after high occlusion; (4) reduces cardiac work; (5) diminishes laryngeal 
complications after prolonged intubation; and (6) diminishes the 
amount of agent used. 

Hypothermia for neurosurgery had afforded gratifying conditions. 
Cerebrospinal fluid pressure is lowered, and bleeding is diminished. 
Extracorporeal cooling would seem inadvisable for this type of surgery. 


EXPERIENCE WITH HYPOTHERMIC HUMAN INFANTS FOR CARDIAC 
AND GREAT VESSEL SURGERY 


The foregoing experimental conditions, which obviously could not 
have been obtained with human subjects, indicate that younger ani- 
mals undergo hypothermia with greater safety than do adults. A few 
clinical reports have appeared which point toward a satisfactory toler- 
ance of low temperature by the human infant. Cookson and Bailey’ 
wrote of surgery on a boy who was seven months old, using a tempera- 
ture of 71° F. (21.7° C.). Circulation was completely occluded for 
22 minutes. The author saw this patient four hours after operation 
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and can testify to the success of the procedure. Eccleston et al.§ 
cooled a patient 10 weeks of age to 19° C. for a successful neuro- 
surgical procedure. The author has cooled a six-year-old girl to 22.6° C. 
with complete return to normal after cessation of circulation during 
intracardiac surgery. 

The use of low temperatures was instituted at first chiefly to allow 
the surgeon to perform visual intracardiac surgery. The safe time limit 
for cessation of circulation is unknown for human beings. Several 
workers have data using animals that show that younger members of 
a species can withstand hypoxia as well as hypothermia better than 
adults can (Kabat,!* Glass,!* Adolph’). Since younger persons tolerate 
both hypoxia and hypothermia better than do adults, hypothermia 
has proved to be useful for operative repair of many lesions, cardiac 
and cranial, when it becomes necessary to cut off blood flow (hypoxia) 
to the brain. 


Ventricular Fibrillation 


As experience has accumulated, it has become evident that ven- 
tricular fibrillation has occurred more frequently at temperatures 
below 28° than above this temperature. The presently accepted con- 
cept is that temperatures above 30° are relatively safe, and those below 
28° are relatively dangerous. Manipulation of a cold heart is much 
more likely to produce ventricular fibrillation than is manipulation 
of a warm one. Numerous drugs have been used to try to avoid ven- 
tricular fibrillation. The most successful have been Prostigmin (Mont- 
gomery et al.°), which slows the heart considerably, or the use of 
acetylcholine or potassium to deliberately stop the heart. The latter 
technique is common when using a pump-oxygenator, but has not 
been extensively used during hypothermia. It is conceivable, but not 
proved, that slowing or stopping the heart diminishes the oxygen 
demand by the myocardium, thereby lessening the tendency to fibril- 
late. Table 22 presents the results observed in this Clinic. 

Deaths associated with hypothermia occurred only below 29° C. 
Five of the deaths in which hypothermia may have been a factor 
involved incision of a cold ventricle. Such manipulation nearly always 
produces ventricular fibrillation. We have subsequently attempted to 
carry hypothermia to only 30° C. Results with these more moderate 
temperatures have been gratifying. 


Method of Cooling 


Bigelow et al.t found that attempts to cool a conscious animal 
resulted in considerable shivering and slow cooling. Bartlett et al.* also 
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found that conscious subjects cooled extremely slowly. Miller’® com 
bined narcosis with hypothermia and hypoxia, and found that th 
combination permitted 94 per cent longer survival of hypoxic rats ai 
14° than for hypoxic unanesthetized animals at the same temperature 
Narcotized animals recovered completely from exposures that wer 
lethal to the non-narcotized animals at the same temperature. 

The beneficial effect of narcosis is most likely due to its prevention 
of shivering and excessive use of oxygen, thereby permitting the brain 
and heart of the subject to make full use of available oxygen. Narcosis 
should therefore imply relaxation as well as sedation, for both must be 
obtained to diminish oxygen uptake. There is no objective evidence 
that any one anesthetic agent or any one relaxing agent is better than 
others, so long as good relaxation is obtained. The authors’ personal 
preference is for ether and curare. Most anesthesiologists use surface 
cooling, with cold water, a cooling blanket or ice packs. There is again 
no objective evidence that any one method is better. The “drift” or 
“after-cooling” is perhaps more difficult to control when cold water is 
used, but this method has the advantage of being faster, so that the 
patient is subjected to hypothermia for a shorter period. 

The authors have adopted the procedure of anesthetizing the 
patient with ether, attaching electroencephalographic and electrocardio- 
graphic leads, and when an estimate of second plane (Guedel) 
anesthesia has been reached, putting the child in tap water at approxi- 
mately 20°. If there is any sign of light anesthesia, increased tempera- 
ture, pilomotor reaction, stiffness or shivering (which may be de- 
tected on the electroencephalogram or electrocardiogram much easier 
than visually), the patient is given curare or more ether, or both, until 
relaxation is adequate and the temperature drops 0.1°. Ice is then 
added to the water bath. If a final temperature of 30° is desired, the 
patient is removed from the water at a temperature between 33 and 
34° rectally. Patients who cool faster usually have a greater “drift.” 
If an esophageal thermometer is used, the observed temperature drops 
faster, and the “after-drift” is less. 

Extracorporeal cooling is rapid and has the advantage that cooling 
need not be done until the chest is open and the diagnosis confirmed. 
Disadvantages are the sacrifice of a major vessel, and the effort required 
for preparation of both the pump and the patient. 

A recent report tells of satisfactory results in cardiac surgery when 
hypothermia and a heart-lung bypass are combined. A similar and 
simpler procedure that has been successfully used is to perfuse the 
heart with oxygenated blood during occlusion of circulation of the 
cold patient. Anoxia to the brain still affords only a short time for such 
procedures. 
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REWARMING 


Burns on rewarming have been observed with warm water bottles, 
warming blankets and diathermy, so that caution is needed with all 
methods. It is probably preferable to warm the patient actively only 
to the point at which he will spontaneously breathe adequately. 


CLINICAL EXPERIENCE WITH HYPOTHERMIA IN THE PEDIATRIC 
AGE GROUP 


We have operated upon 157 patients 14 years of age or under dur- 
ing the past five years under the above outlined condition of hypo- 
thermia. 

Open heart surgery was performed in 128 patients. In the remain- 
ing patients, hypothermia was used, but open heart surgery was not 
utilized. 

The various types of anomalies composing this total group of patients 
are revealed in Table 22. The majority of these patients had either an 
atrial septal defect (secundum) or valvular pulmonary stenosis with 
intact septum. This group is composed of 96 patients, and the mor- 
tality in these patients is but 3 per cent. It is also considered that all 
these patients had had complete correction of their defect. These 
results we believe to be as satisfactory as any published figures of a 
similar group of patients operated upon by other methods. 

The over-all mortality rate in the entire open heart group is 15 
per cent, a figure which we believe will compare favorably with any 
other complete series utilizing a technique that allows open heart 
surgery and dry field observation. These data include all deaths which 
occurred when we cooled patients as low as 22°, and when inter- 
ventricular septal defects were done using hypothermia. Our lower limit 
now is 29°, and a pump is used with interventricular septal defects. 

It is entirely probable that hypothermia as utilized and reported 
at this time may be replaced by the pump-oxygenator in the future, 
or that a combination of hypothermia and the pump-oxygenator may 
be used. Future developments will, of course, be dictated by the bet- 
terment of pump-oxygenators and by increasing experience with this 
method. Currently in our hands the risk of open heart surgery with 
hypothermia for the anomalies here mentioned is lower than with 
the pump-oxygenator. 


SUMMARY 


In summary, it might be stated that mild hypothermia for infants 
has proved to be effective in lowering oxygen uptake, and so is bene- 
ficial for improving the condition of hyperpyrexic patients, for dimin- 
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ishing hemorrhage, and also for avoidance of tachycardia. Deep« 
hypothermia (possibly 28 to 30° C.) is valuable for producing optimun 
conditions for cardiac or neurosurgical procedures. 

Temperatures of 28 to 30° may be obtained with simple technique: 
They provide relatively safe conditions for several types of direc! 
vision heart surgery, including relief of pulmonary stenosis, aorti 
stenosis and the repair of the secundum type of interatrial septal defect 
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TRANSPOSITION OF THE 
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Diagnostic Considerations and Surgical Therapy 
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The cyanotic child suspected of having a transposition of the great 
vessels presents a dual problem to the pediatrician. For, if the child 
has survived the first weeks of life, he has, in addition to the anomaly 
of the great vessels, a major intracardiac shunting lesion, usually a 
ventricular septal defect. Transposition of the aorta and pulmonary 
artery generally can be divided into three groups: (1) complete trans- 
position, (2) partial transposition, and (3) Taussig-Bing complex. 
These conditions are believed to result from an abnormality in ab- 
sorption of the bulbus of the embryo heart occurring about the fifth 
week of intrauterine life. There is probably abnormal ridge formation 
in the bulbus. The aorta arising from the right ventricle may represent 
the right ventricular aorta of the reptile; thus there may be a phylo- 
genetic factor in the development of the transposition complex. 

The collection of abnormal hearts in the pathology section of The 
Children’s Memorial Hospital contains 100 hearts with transposition 
of the great vessels. This excludes those complexes such as isolated 
dextrocardia, isolated levocardia and the so-called corrected transposi- 


From the Department of Cardiology and Department of Surgery, The Children’s 
Memorial Hospital, and the Department of Pediatrics, Northwestern University 
Medical School, Chicago. 


This work was partially supported by the Otho S. A. Sprague Memorial Foundation 
and the Chicago Heart Association. 
1109 








1110 TRANSPOSITION OF THE GREAT VESSELS 


tions. The most commonly encountered type of transposition comple: 
is that of complete transposition, in which the aorta clearly arise: 
anteriorly from the right ventricle and the pulmonary artery arise: 
posteriorly from the left ventricle. This is present in 86 per cent o! 
the specimens. In this situation the pulmonary artery is usually large 
than the aorta. The coronary arteries in this as well as the other tw« 
types of transposition complexes arise from the aorta. In most in 
stances of complete transposition there is a defect of the ventricula: 
septum. This is most often located just below the pulmonary and 
aortic valve cusps, through the region of the pars membranacea. Less 
frequently, in 21 per cent of the cases there is a defect of the atrial 
septum or a patent ductus arteriosus (27 per cent). In 6 per cent of 
the cases there is total absence of the ventricular septum, the aorta 
and pulmonary artery arising in a transposed position from a common 
ventricle. 

In cases in which the pulmonary artery is smaller than the aorta, 
the pulmonary valve may be stenotic or atretic. In the latter situation 
there is usually a patent ductus arteriosus. Pulmonary stenosis is seen 
in 10 per cent of the hearts and pulmonary valvular atresia in 11 per 
cent. In the group with complete transposition, congenital mitral 
stenosis was present twice, and in one instance there was a vascular 
ring surrounding the trachea. 

The second most commonly encountered transposition complex is 
partial transposition, or double outlet right ventricle, in which the 
pulmonary artery and the aorta both arise from the right ventricle. 
This has occurred in 1] per cent of our postmortem cases. In this 
complex the right ventricle is large, and there is always a defect of 
the ventricular septum. Depending on its place of origin from the right 
ventricle, the pulmonary artery may be larger or smaller than the 
aorta. 

The most infrequent type of transposition complex is that originally 
described by Taussig and Bing and bears their name. In this complex 
(3 per cent of our cases) the pulmonary artery is located posteriorly 
and overrides the ventricular septum above a defect, while the aorta 
arises anteriorly in a position not related to the septal defect. 

At present the surgeon cannot approach the problem of malposition 
of the great vessels and that of the intracardiac lesion at the same 
procedure; he therefore attacks the problem of the transposition of 
the great vessels and leaves the septal defect surgery for some future 
date. This situation affects the clinician, for he must select those 
patients for operation in whom the disability is due primarily to the 
transposed vessels and not to the intracardiac shunting lesion or to 
pulmonary vascular obstruction. 
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CLINICAL DIAGNOSIS 

Transposition of the great vessels can usually be differentiated from 
other types of cyanotic congenital heart disease by clinical examina- 
tion. The patient is usually deeply cyanotic, and there is a retardation 
of physical development. There is often wasting and atrophy of the 
tissues of the extremities associated with clubbing of the finger tips 
and the toes. As in other conditions associated with severe cyanosis, 
the head may have an enlarged, square appearance. The closure of 
the fontanels may be delayed. Some of our patients came in with a 
diagnosis of “congenital heart disease and possible hydrocephalus.” 

Careful observation of the patterns of cyanosis is occasionally fruit- 
ful, because some children with transposition of the great vessels are 
noticeably more cyanotic in the upper half of the body than in the 
abdomen and lower extremities. This type of distribution of cyanosis 
is always associated with transposition of the great vessels and a patent 
ductus arteriosus with pulmonary hypertension. The pulmonary artery 
carrying oxygenated blood from the left ventricle may shunt blood 
through the ductus into the descending aorta. 

On auscultation the heart tones usually sound rather dynamic. The 
second sound is usually increased in intensity. The heart seems to be 
overworking; it is almost always enlarged, and there is often a pre- 
cordial bulge. The murmur is that of an associated lesion, usually a 
fairly loud systolic murmur maximum in the third and fourth left 
interspaces near the sternum. This murmur is due to a ventricular 
septal defect. Occasionally a rather loud, harsh systolic murmur is 
heard best high on the precordium in the second left interspace to 
the right and left of the sternum. This murmur is usually due to 
pulmonary stenosis. Patients with transposition of the great vessels 
without a ventricular septal defect or pulmonary stenosis usually have 
no murmur. In other words, transposition of the great vessels with an 
atrial septal defect, a patent ductus, or both, has little else than 
dynamic heart tones on auscultation. 

The electrocardiogram almost always shows right ventricular hyper- 
trophy, often of a severe type with S-TT changes suggesting ischemia. 
Evidence of left ventricular hypertrophy is not rare and is found in 
those cases in which there is a large pulmonary flow or in cases asso- 
ciated with pulmonary vascular obstruction or pulmonary stenosis. A 
patient with transposition of the great vessels with a large ventricular 
septal defect and low pulmonary vascular resistance may show left 
ventricular hypertrophy only on the electrocardiogram. A patient with 
transposition of the great vessels who has left ventricular hypertrophy 
on the electrocardiogram, therefore, does not necessarily have tricuspid 
atresia. 








1112 TRANSPOSITION OF THE GREAT VESSELS 





A B 
Fig. 157. A, Transposition of the great vessels with ventricular septal defect and low 
pulmonary vascular resistance in a male infant 6 months old. B, Ten months afte: 
operation. The aortic homograft is visualized as a faint line of calcification at th« 
right cardiophrenic border. 





A 

Fig. 158. A, Transposition of the great vessels in male infant 28 days old in con 

gestive cardiac failure. B, Six months after operation, which was performed at 6 weeks 
of age. 





The x-ray picture usually shows an enlarged “egg-shaped” heart; the 
mediastinum appears to be narrow, and the vascular markings in the 
lung fields are usually increased. 

In summary, then, the cyanotic patient with an enlarged heart whose 
x-ray film shows increased vascularity of the lung fields and a narrow 
mediastinum usually has a transposition complex. The loud systolic 
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murmur heard in many of these patients is due to an associated ven- 
tricular septal defect or pulmonary stenosis. 

The intensely cyanotic infant without a murmur generally does not 
survive beyond the first weeks of life. Without a ventricular septal 
defect he is unable to get sufficient intracardiac mixing and sends 
almost pure venous blood out the aorta and highly oxygenated blood 
out the left ventricle to his lungs. Because this child has no other 
important lesion than transposition of the great vessels, he is poten- 
tially the ideal surgical candidate. However, during operation he must 
get along without the right lung, which must be clamped off during 





A B 


Fig. 159. A, Transposition complex in a 5-year-old boy in severe congestive cardiac 
failure with anasarca. B, Six months after operation. Note the increased pulmonary 
flow. This child had a ventricular septal defect and low pulmonary vascular resistance. 
Clinically, the child was strikingly improved, pink and active. 


the procedure; the anesthetist must depend on the left lung, upon 
which lies a greatly enlarged heart. Thus, at present, the patient 
with no other lesion rarely survives operation. The selection of patients 
for the surgery of transposition of the great vessels is therefore largely 
limited to those with a ventricular septal defect. 

The following cases illustrate four commonly encountered types of 
transposition complexes. 


Case I. A 7-month-old infant has been cyanotic from birth. He has grown poorly, 
has had frequent respiratory infections and has been very irritable. Clinical examination 
shows clubbing of the fingers and toes. The cardiac apex is in the fifth left interspace 
at the nipple line. There is a grade III harsh systolic murmur heard best in the third 
and fourth left interspaces at the left sternal border. A thrill is palpable, and there is a 
grade II mid-diastolic murmur heard best at the apex. The electrocardiogram shows 
right heart strain, even for a 7-month-old child. Roentgenograms show that the heart 
is moderately enlarged, the vascularity of the lung fields is increased, and the medi- 
astinum is narrow. 
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Cardiac catheterization data are as follows: 


POSITION OXYGEN OXYGEN OXYGEN PRESSURES 
% SATURATION CONTENT CAPACITY (MM. HG) 
eee 37.1 5.9 
eer 36.0 5.7 mean = 5 
SP 5.9 90-100/8 
Ae 87.5 13.8 
a, eee 13.6 15.8 mean = 5 
ae ee 6.1 
a Peer 2.5 55/33 mean = 4} 
.40.2 6.3 
eee 4.2 
Tree ae 
_ See oo 63/8 
| a . (96.0) (15.2) 


The oxygen saturation data obtained at the beginning of the study do not indicate 
any significant difference between the superior vena cava, right atrium and right 
ventricle samples. However, rapid sampling from these same chambers at the termina- 
tion of the procedure does indicate a small left-to-right shunt at the ventricular level. 
The oxygen saturation of the femoral artery blood is almost identical with that from 
the right ventricle. The catheter was left in the right ventricle, and an angiocardiogram 
from this position indicated that the aorta was anterior, filling from the right ventricle. 
The pulmonary artery also was visualized via the right-to-left shunt. 

This child has a transposition of the great vessels with a ventricular septal defect and 
low pulmonary vascular resistance. As a consequence, he has little left-to-right shunt- 
ing, but a considerable right-to-left shunting. He has an increased pulmonary flow, but 
he is intensely cyanotic—an ideal surgical candidate for a “vessel transplant” type of 
operation. 

A patient with transposition plus a ventricular septal defect who 
does show a large left-to-right shunt at the ventricular level should 
be carefully evaluated for surgery. The large left-to-right shunt is 
usually due to increased left ventricular pressure. The basis for this 
may be pulmonary stenosis or increased pulmonary vascular resistance. 
Because the latter group of patients are poor surgical candidates, it is 
important to identify them. Generally speaking, these patients can be 
separated by clinical criteria. 

The patient with pulmonary stenosis is somewhat less cyanotic 
than the usual patient with a transposition and gets along better 
clinically. The pulmonary stenosis raises his left ventricular pressure, 
and a fair-sized amount of oxygenated blood is shunted left to right 
into the aorta. He usually has a loud, systolic murmur maximum high 
on the precordium in the second left interspace, but occasionally in 
the second right interspace. A thrill is usually palpable, and the second 
sound is rather quiet. The electrocardiogram may show a combined 
heart strain (the left ventricle is contracting against a resistance load). 
The following case illustrates this type of patient. 

Case II. This 7-year-old child has been cyanotic since birth. (Note that she has 
survived longer than the usual transposition patient.) She has always developed poorly 


and is extremely limited in her physical activity. On physical examination she is some- 
what underdeveloped, with cyanosis and clubbing of the fingers and toes. The cardiac 
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apex is in the fifth left interspace in the nipple line. There is a grade IV harsh systolic 
murmur best heard at both the second and third interspaces along the right sternal 
border and also well heard over the sternum. There is a thrill over the precordium 
probably maximum at the upper right sternal border, but also felt well at the left 
sternal border. The second sound is decreased in intensity in the second interspace, but 
loud and unsplit in the fourth left and right interspaces. There is no diastolic murmur. 
The electrocardiogram shows large peaked P waves and right-sided heart strain. The 
roentgenogram showed moderate cardiac enlargement, slight increase in the vascularity 
of the lung fields and a narrow mediastinum. 

Cardiac catheterization data are as follows: A no. 6 catheter was passed into the 
right saphenous vein, the inferior vena cava, right atrium, and superior vena cava. From 
the right atrium the catheter was manipulated into the left atrium and into the left 
ventricle. The catheter was allowed to loop in the left ventricle and was manipulated 
out the pulmonary artery. It was withdrawn and then passed from the right atrium to 
the right ventricle and out the pulmonary artery again, this time from the right side. 
The catheter was left at the apex of the right ventricle and a selective angiocardiogram 
was performed with 15 cc. of Hypaque. 


POSITION OXYGEN OXYGEN OXYGEN PRESSURES 
%SATU- CONTENT CAPACITY (MM. HG) 
RATION 
a, ere 59.4 at right atrial 
RA ml. 55.6 15.2 level 
ee 56.7 
LV. 92.9 
FA. er 
Lv" .93.8, 93.8 107/5? 129/9? 
FA .69.7, 67.5 19.0 27.3 99/65 mean = 77 
MPA. Palate 89.1 21/8 mean = 15 
PC wedge 100. 
LA.. . 96.7 mean = 2 
RV.. .70.8 101/3 
Bee... .93.5 25.5 
Be nv eccae se 27.3 


A-V_ Flow/M? _ Resistance 
Estimated Units/M? 


Systemic . .3.8 4.5 16.6 
Pulmonary.......1.8 9.6 1.3 
Eff. Pulmonary . 2.1 1.4 


MPA pressure 15 
mm. Hg = 200 mm. H:O 


The oxygen saturation data show essentially the same saturation in the superior 
vena cava, right atrium, and inferior vena cava; there is a left-to-right shunt at the 
ventricular level, an increase in oxygen saturation from 56 per cent in the atrium to 
71 per cent in the right ventricle. Simultaneous samples from the right ventricle and 
femoral artery indicate that the systemic artery saturation is essentially identical with 
the right ventricular samples. The pulmonary artery entered from the right ventricle 
has a saturation of 90 per cent, in good agreement with the samples obtained from the 
left atrium, left ventricle and the pulmonary artery entered from the left ventricle. 
Thus the data show good evidence of transposition of the great vessels with a ventric- 
ular septal defect and suggest that the pulmonary artery overrides the ventricular septal 
defect. On withdrawing the catheter from the pulmonary artery into either ventricle, 
a large gradient of pressure is noted, establishing the diagnosis of pulmonary stenosis. 
The angiocardiogram illustrates a transposed aorta coming off anteriorly from the right 
ventricle and faint early filling of the pulmonary arteries. The estimated pulmonary 
blood flow in this patient is approximately twice the systemic flow, and the pulmonary 
vascular resistance is low. Despite the pulmonary stenosis, the patient has good pul- 
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monary flow, and her femoral artery saturation is only 70 per cent. She is a go 
candidate for a “vessel transplant” type of operation. 


The patient with transposition of the great vessels with a large le! 
to-right shunt at the ventricular level and high pulmonary vascul: 
resistance probably should not be operated upon at present. The fo 
lowing case illustrates a patient of this type. 


Case III. This 11-year-old girl was first noted to be cyanotic about 2 years of ag. 
(Again note that she is an older patient.) Her physical activity is limited. She becom 
dyspneic on moderate exertion, but she has never had any fainting spells. On physica! 
examination she is moderately cyanotic, fairly well developed, and well nourished 
There is slight prominence of the left chest. There is a right ventricular impulse at the 
xiphoid. There is a grade III soft systolic murmur loudest in the third left interspace, 
and a definite early systolic click. There is a mid-diastolic murmur maximum at the 
apex. Both the first and second heart sounds are palpable. The electrocardiogram shows 
peaked P waves, incomplete right bundle branch block and right ventricular hype: 
trophy. A previous angiocardiogram demonstrated an anterior aorta, a simultaneously 
visualized pulmonary artery and suggestive revisualization of a pulmonary artery from 
the left ventricle. 

Catheterization data are as follows: A no. 6 catheter was inserted into the right 
median antecubital vein. It entered the right superior vena cava, right atrium and the 
right ventricle. In the right ventricle the catheter was manipulated to enter a great 
vessel arising near the midline, which was interpreted as being the pulmonary artery, 
but it was not possible to get out into the lung fields. 


POSITION OXYGEN OXYGEN CAPACITY PRESSURES 
SATURATION CONTENT (mM. HG) 
ae .79.3 22.1 27.0 110/75 mean = 82 
Great vessel... . 87.5 23.6 110/60 mean = 82 
—— .76.8 
Great vessel. . .86.1 
RV outflow... 86.4 105/8 
RV inflow.... 85.8 23.0 
RA... .65.8, 65.6 17.7 mean = 10 
SVC... .64.8,65.8 
ae . (98) (26.4) 


ae .1.46 M? 
O, Consumption (251 ml./min.) assumed 


Estimations (based on assumption great vessel is pulmonary artery) : 


Systemic flow L/min........ 5.7 3.9 L/min./M? 
Pulmonary flow L/min......... 9.0 
Effective pulmonary flow........2.9 
Left-to-right shunt L/min........ 3.3 
Right-to-left shunt L/min.......... 2.9 
Systemic resistamce........ 18 units 
Pulmonary resistance.......... 12 units 


* Simultaneous. 


The oxygen saturation data indicate a large left-to-right shunt at the ventricular 
level. There is a jump in oxygen content of about 5 volumes per cent from the right 
atrium to the right ventricle. Simultaneous sampling from the brachial artery and the 
pulmonary artery consistently showed a higher concentration of oxygen in the pulmo- 
nary artery than in the brachial artery. The mean pressures in the pulmonary artery 
and the brachial artery were essentially identical, but the diastolic level in the pul- 
monary artery was consistently lower. Based on the assumption that the great vessel 
entered is the pulmonary artery, the pulmonary vascular resistance is increased. 
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This patient with her peripheral oxygen saturation approximately 80 per cent is not 
a candidate for current operations for transposition of the great vessels. Her disability 
is not due primarily to a transposed aorta getting venous blood from the right ventricle. 
She already has considerable intracardiac shunting, and her disability is, to a large 
degree, due to pulmonary vascular obstruction. 


Thus far we have illustrated two types of cases in which we feel 
operation is indicated and one in which it probably is not. The fourth 
case is presented because a surgical decision is not easy to make. A 
transposition complex in which both great vessels arise from the right 
ventricle, the so-called double outlet right ventricle complex, is not 
rare. This anomaly occurs in 11 per cent of our postmortem cases. In 
these children the aorta is completely transposed, and there is a large 
ventricular septal defect. The pulmonary artery, however, arises entirely 
from the right ventricle, or is only slightly levoposed. 


Case IV. This 2-year-old boy has been moderately cyanotic from birth. He has 
grown and developed moderately well, but definitely tires more easily than other chil- 
dren his age. He breathes hard on exertion, and his cyanosis increases upon crying or 
when he is tired. At rest, however, he has only mild cyanosis of the lips and fingernails. 

Cardiac catheterization was carried out via the right saphenous vein, and the 
catheter was passed into the inferior and superior venae cavae, the right atrium and 
the right ventricle. On manipulation in the right ventricle the catheter could be passed 
into both the aorta and the pulmonary artery. In fact, the path of the catheter from 
the ventricle out the pulmonary artery seemed almost the same as in the normal heart. 
One could almost feel a crista, being assured of going into the pulmonary artery when 
the catheter tip was to the right of it or into the aorta when the catheter tip was to the 
left of it. After blood samples and pressures had been recorded a cine-angiocardiogram 
was done with the catheter in the right ventricle. 

Cardiac catheterization data are as follows: 


POSITION OXYGEN OXYGEN OXYGEN PRESSURES 
% SATU- CONTENT CAPACITY (mM. HG) 
RATION 
SVC. .47.5,51.5 11.6 
RA... ee 12.2 
RV outflow... ..74.9 16.9 
me.... . 69.7 z2.5 
Ao.. +00 AOS 15.9 100/62 mean = 70 
eee .68.4 15.4 94/60 mean = 70 
Sere 
PA... .89.9 
PA. .86.4 
FA. a) 
a ug el 90/60 
my... .77.1 90/10 
RA. 52.8 11.9 
SVC.. 48.2 
a? 85.0 19.1 
_ er .70.2 15.8 
PC. . (96.0) 21.6 
A-V Flow/M?2 Resistance 
Systemic... <8 2.8 
ll, 2.9 6.9 moderately elevated 


minimum about 6 units 
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The oxygen saturation data indicate that there is a large left-to-right shunt at t! 
ventricular level. The oxygen saturation of blood samples obtained simultaneously fr: 
the pulmonary artery and femoral artery show that the pulmonary artery sample w 
repeatedly higher in oxygen saturation. The systolic blood pressure levels in the pi 
monary artery, right ventricle, femoral artery and aorta were all within 5 mm. of ea 
other. The cine-angiocardiogram shows both the aorta and pulmonary artery filling 
equally well and simultaneously from the right ventricle. The estimated pulmona 
resistance in this patient is moderately elevated, and the pulmonary flow is abo: 
two and one-half times the systemic flow. 

This child has a large heart and increased vascularity of the lung fields. Although his 
oxygen saturation is 70 per cent, he is definitely not as cyanotic as the usual patient 
with a transposition complex, and his growth and development has been fairly good. 
Although operation would improve him and would raise his peripheral oxygen satura- 
tion about 15 per cent, it would seem that his intracardiac pathology is such that it 
might be more prudent to delay operation, awaiting future surgical progress. 

The foregoing may be summarized as follows: Present-day surgery 
for transposition of the great vessels is directed at sending more 
oxygenated blood out the aorta and directing the venous blood to the 
left side of the heart so that it will go out the pulmonary artery. 
Therefore the best candidates for surgery are the children who are 
most intensely cyanotic. For the child with a transposition complex 
who is not very cyanotic the risk of these operative procedures may 
not be warranted. The lack of intense cyanosis indicates that the child 
already has a considerable left-to-right shunt. The cause of a large 
left-to-right shunt is usually either pulmonary vascular obstruction or 
pulmonary stenosis. These children with a transposition of the great 
vessels, ventricular septal defect and mild pulmonary stenosis have been 
improved by present-day surgery. Those patients with a large left-to- 
right shunt and evidence of high pulmonary vascular resistance have 
had a high mortality rate. Surgery is probably contraindicated for them 
at present. The most gratifying results from the Baffes type of pro- 
cedure for transposition of the great vessels have been obtained in 
those children whose peripheral oxygen saturation has been between 


35 and 70 per cent. 


SURGICAL CORRECTION OF TRANSPOSITION OF THE GREAT VESSELS 


Transposition of the aorta and the pulmonary artery remains one 
of the greatest challenges to the cardiovascular surgeon. Surgical cor- 
rection in the past included the addition of shunting devices between 
the pulmonary artery and the systemic circulation, attempts to convert 
the transposition to an operative tetralogy, attempts at transplanting 
the aorta and pulmonary artery back to the proper ventricle, and 
transplanting of the major veins of the heart, in order to compensate 
for the defect. The present operation at the Children’s Memorial 
Hospital represents one of the latter types of operation. 
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The surgical patient is placed in the left lateral decubitus position, and the right 
hemithorax is opened. The lung is retracted downward. The right main pulmonary 
artery is isolated and temporarily ligated in order to prevent pulmonary congestion. 
Prior to occluding the pulmonary artery the pressure is determined on the water manom- 
eter. If the pulmonary artery is small and collapsed and if the pressure in it is low, a 
subclavian pulmonary anastomosis is performed. If there is an adequate-sized pulmo- 
nary artery with the “feel’’ of adequate flow through it, the transplantation of the pul- 
monary veins and inferior vena cava is carried out. (1) A curved coarctation clamp is 
placed on the lateral aspect of the inferior vena cava in such a way that the flow of 
blood from the inferior vena cava into the right atrium is not occluded (Fig. 160, B, C). 
An incision is made in the excluded lip of the inferior vena cava, and a homologous 
aortic graft is anastomosed to the incision. (2) The right main stem bronchus is 
occluded with a temporary umbilical tape ligature, and the right pulmonary veins are 
divided from their point of entry into the left atrium. The distal end of the pulmonary 
veins is left open in order to avoid any hemorrhagic pulmonary congestion (Fig. 160, 
D, E). (3) The opposite end of the homologous aortic graft is then anastomosed to 
the left atrial stump of the pulmonary veins (Fig. 160, F). (4) A curved coarctation 
clamp is then applied to the lateral aspect of the right atrium, and the distal end of 
the pulmonary veins is anastomosed to the excluded wall of the right atrium (Fig. 
160, F, G). (5) After completion of all the anastomoses the temporary occluding liga- 
tures about the right main pulmonary artery and the right main stem bronchus are 
removed, and the patient is allowed a few minutes to become stable. (6) A no. 1 silk 
ligature is then placed about the inferior vena cava at its point of entry into the right 
atrium. This makes the flow of blood from the inferior vena cava through the homol- 
ogous graft and into the left atrium obligatory. This method achieves transfer of ap- 
proximately 60 per cent of the systemic venous return to the left atrium, from which 
it is eventually ejected into the pulmonary circuit, and 60 per cent of the pulmonary 
venous return into the right atrium, from which it eventually reaches the systemic 
circulation. 


Results 


Sixy-seven patients have been operated upon by the technique 
described abo.., by various members of the surgical staff of The 


TABLE 23. Mortality Rate According to Age 





AGE GROUP TOTAL CASES SURVIVORS DEATHS MORTALITY RATE 
0-6 months...... ..14 4 10 71.4% 
7 months-1 year...... a 9 2 18.1% 
Over 1 year...... .42 28 mM , 33.3% 
_ rere .67 41 26 38.8% 


Children’s Memorial Hospital. Twenty-six patients died at operation 
or in the immediate postoperative period, an operative mortality rate 
of 38.8 per cent. Forty patients survived the operation and were sent 
home, a survival rate of 60.6 per cent. Four of these patients died 
subsequently of pulmonary arteriosclerosis, intercurrent infection or 
other causes unrelated to the operative procedure (Table 23). 

In general, the surviving patients have shown satisfactory improve- 
ment in their cyanosis and increase in exercise tolerance. Preopera- 
tively the patients had oxygen saturations ranging from 35 to 50 per 
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Fig. 160. Steps in surgical correction of transposition of great vessels. (T. G. Baffes, 
W. A. Riker, A. DeBoer and W. J. Potts: Surgical Correction of Transposition of the 
Aorta and the Pulmonary Artery. ]. Thoracic Surg., Vol. 34.) 


cent of capacity. They had poor exercise tolerance, many of them being 
unable to walk or bear weight. Many were in frank congestive cardiac 
failure. Postoperatively the patient’s color improved rather promptly, 
and by about two to three weeks postoperatively the oxygen satura- 
tion had risen to approximately 85 per cent. Within six to eight weeks 
after operation the patients showed increase in exercise tolerance, the 
muscle mass of the calves and thighs increased, and soon active ambu- 
lation was possible. The liver decreased in size, and the ascites dis- 
appeared. On x-ray examination of the chest a number of these patients 
showed a decrease in heart size. Many patients showed only a trace 
of cyanosis at rest. 


Analysis of Mortality Rates and Survivals 


The youngest patient successfully operated on with this technique 
was six weeks old at the time of operation. The oldest was 12 years 
old. From an analysis of the mortality statistics based on age, the 
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Fig. 160 (continued ) 


best time for this operation to be performed is some time after the 
age of six months, provided the patient does not deteriorate before he 
reaches that age. If deterioration occurs earlier, prompt operation 
should be done, since the condition usually is progressive and signifi- 
cantly alters mortality rate. Fourteen patients were operated upon 
at less than six months of age (Table 23). Ten died in the immediate 
postoperative period, a mortality rate of 71.4 per cent. Two of the 
four survivors, however, were in the newborn period, aged six weeks 
and seven weeks respectively. 

Eleven patients were operated upon at ages ranging from seven 
months to one year. Only two succumbed in the immediate postopera- 
tive period, a mortality rate of 18.1 per cent. The surviving patients in 
this age group gave some of the most striking clinical results. 

Forty-two patients were operated upon at ages over one year. Most 
of these were between three and five years of age. Fourteen patients 
died in the immediate postoperative period, an operative mortality 
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rate of 33.3 per cent. This age group offered a particular advantage i 
that they were large enough to permit introduction of a maximui 
sized homograft between the inferior vena cava and the left atriun 
thereby eliminating the danger that subsequent growth of the chil 
might render the size of the homograft inadequate for draining th 
lower part of the body. On the other hand, this danger has not mater 
alized in the younger children who by now have been followed up 
over three years. Their azygos vein was left intact, and adequate co 
lateral circulation has apparently kept pace with the patient’s growth. 
Analysis of the causes of death is also illuminating. A number of 
these operative deaths were entirely technical and therefore can be 
prevented. As shown in Table 24, 14 patients died of acute congestive 


TABLE 24. Analysis of Causes of Operative and Delayed Mortality 





Immediate operative deaths: 
Acute congestive failure......... 
Cardiac arrest........ 
Supraventricular tachycardia........ 
Cerebrovascular accidents........ 
Right pulmonary edema with anoxia. .... 

Hemorrhage from right lung, with congestion....... 
Intercostal hemorrhage........ 

ere 


Alyvuunaeaw 


bdo 





Delayed deaths: 
Diarrhea........ 
Pneumonitis........ 
Pulmonary arteriosclerosis . 
Total.... 


[Noe 


failure, cardiac arrest during the procedure, or cerebral vascular acci- 
dents during or after operation. Generally, these events occurred in 
severely deteriorated patients and may be considered unavoidable. How- 
ever, 10 operative deaths resulted from hemorrhagic congestion of the 
right lung or right pulmonary edema with anoxia. Most of these deaths 
occurred in the youngest age group and resulted either from insufficient 
control of the high pulmonary artery pressure during the operative 
procedure, or from attachment of the right pulmonary veins to the 
right atrium at too sharp an angle, resulting in partial obstruction of 
drainage of the right lung. More recently, with particular care in the 
handling and control of the right lung, these complications have been 
reduced. 

Four deaths occurred after the patients had been discharged from 
the hospital and were unrelated to the operative procedure. One patient 
died of pneumonitis. One patient died of severe Salmonella infection. 
Two others expired of episodes that were interpreted as pneumonitis, 
but at autopsy showed severe, far-advanced pulmonary arteriosclerosis. 
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SUMMARY 


Although the operation described above has produced dramatic 
improvement in many of our patients with transposition of the great 
vessels, it is obviously not the final answer to this serious problem. 
The clinician does not advise operation merely because a procedure 
is now available. The patient is operated upon because he is severely 
handicapped and because his prognosis without operation is very poor. 
The high mortality rate of to-day’s major cardiac procedures must 
be justified by proper selection of patients. Unless there is good reason 
to expect a great improvement in the patient’s condition after opera- 
tion, the risk may not be justified. Since the great majority of children 
with transposition of the great vessels die in the first year or two of life, 
an operation of this type, even though it only partially corrects the 
malformation, is a step in the right direction. 


707 Fullerton Avenue 
Chicago 14, Illinois 











CARDIAC FAILURE 
IN INFANTS AND CHILDREN 


ANNA J. HAUCK, M.D. 


ALEXANDER S. NADAS, M.D. 


In the light of recent contributions to the physiology and treatment of 
cardiac failure a review of this subject in infants and children seems 
appropriate. 


PHYSIOLOGY 


Since the introduction of cardiac catheterization, precise hemodynamic 
data in man have been accumulated and the clinical concepts of cardiac 
failure reappraised in light of these findings. Cournand® has proposed 
that failure be defined as “reduction of the contractile power of the 
ventricular muscle in the face of increasing filling pressure.” The ex- 
perimental basis for this rests on the work of Starling,** who demon- 
strated that the strength of myocardial contraction increases propor- 
tionately to the initial length of the muscle fiber until a point is reached 
at which further stretching results in diminished contractile force. Thus 
increased venous pressure, as effected by a rise in venous tone and 
hypervolemia, results in a larger diastolic volume and a more powerful 
contraction of the normal ventricle. However, as shown by Starling, a 
point is reached beyond which myocardial response to increased diastolic 
distention becomes inefficient and less forceful; less blood is ejected 
from the failing ventricle; residual volume, diastolic pressure and distal 
venous pressure rise, and the clinical features of cardiac failure appear. 


From the Department of Pediatrics, Harvard Medical School, and the Sharon 
Cardiovascular Unit, Children’s Medical Center, Boston. 
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In left-sided failure diastolic pressure rises in the left ventricle. Si 
sequently left atrial, pulmonary venous, pulmonary capillary and oft 
pulmonary arterial pressures become elevated. If hydrostatic pressure 
the pulmonary capillaries is excessively high, fluid is lost into the alveo! 
spaces and pulmonary edema occurs.’ In addition, the diminished my, 
cardial contractility results in a reduction of systemic blood flow. !n 
many patients right-sided failure follows the development of pulmonavy 
hypertension secondary to left ventricular decompensation. In othc;s 
the predominant feature may be failure of the right ventricle, charac- 
terized by increased pressure in the right atrium and the great veins as 
well as venous congestion of many organs. 

Peripheral arteriolar constriction and redistribution of systemic blood 
flow follow the reduction of cardiac output in congestive failure. Coro- 
nary and cerebral blood flow are relatively unchanged. Renal flow, on the 
other hand, falls, while glomerular filtration rate generally seems to 
remain within normal limits except in advanced failure, when it is 
reduced.”: ® In the light of these observations the characteristic abnormal 
retention of sodium with secondary rise in body water and extracellular 
fluid volume has been attributed to increased tubular reabsorption of 
sodium. The latter may be related to excessive circulating aldosterone, 
a hormone found in increased amounts in the urine of patients in 
cardiac failure.2* It has been proposed that inadequate destruction of 
this sodium-retaining hormone accounts for these findings.’* #8 Recently 
this hypothesis was confirmed in rats by Yates’? °8 et al., who found 
that venous congestion of the liver was associated with reduced quanti- 
ties of an enzyme concerned in the degradation of aldosterone. The 
role of antidiuretic hormone is more obscure. Studies suggest that in 
severe congestive failure the hormone is probably present in excessive 
amounts, although the usual stimuli for its production are not opera- 
tive.?4 


CLINICAL FINDINGS 


The clinical picture produced by a failing myocardium is charac- 
terized by tachycardia and dyspnea on exertion. In addition, in patients 
with exclusive left-sided failure, orthopnea, cardiac asthma, paroxysmal 
nocturnal dyspnea, Cheyne-Stokes respiration, pulmonary edema, hydro- 
thorax, gallop rhythm, muscular fatigue and systemic pulsus alternans 
may be noted. Right-sided failure causes elevation of venous pressure, as 
shown by distended neck veins, a tender, congested liver with depressed 
hepatic function, nausea and vomiting because of engorgement of ab- 
dominal viscera, edema formation, and fluid accumulation in body cavi- 
ties. Patients with a combination of left- and right-sided failure may 
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show characteristics of both. Body wasting and mental depression may 
occur in more advanced congestive failure. 

Table 25 lists the principal physical findings in a group of 77 chil- 
dren with cardiac failure. Tachycardia, tachypnea and hepatomegaly 
were the three most common signs and were encountered with almost 
equal frequency. Pulmonary rales were heard in only 27 of these 77 
children. In the infant group it was extremely difficult to evaluate this 
finding, for the possibility of coexisting respiratory infections was hard 
to exclude. Peripheral edema, often seen in adults, was observed in 14 
patients and was usually more severe in the periorbital region than in 
the dependent portions of the body. Neck vein distention was seen in 
17 patients. The subcutaneous fat surrounding these veins and the rela- 


rABLE 25. Signs of Congestive Failure 


UNDERLYING HEART NO. OF TACHY- TACHYP- HEPATO- RALES EDEMA NECK 
DISEASE CASES CARDIA NEA MEGALY VEIN 

DISTEN- 
TION 





Acyanotic congenital 





heart disease 3 33 36 35 13 6 9 
Cyanotic congenital 
heart disease. 25 23 22 19 10 4 5 
Myocardial disease . 7 4 6 6 0 1 0 
Neoplastic disease 
with failure. 4 4 3 4 1 0 2 
Renal disease with 
failure. 2 2 2 2 2 1 0 
Arrhythmia with 
failure 2 2 1 2 1 2 1 
Totals. 77 68 70 68 27 14 17 


tively short necks of young children make this sign more difficult to 
detect, though it should be sought, since much valuable information can 
be gained by noting the level of distention and the quality of its pulsa- 
tions. 

In several of these patients other features of congestive failure were 
noted. One was central cyanosis in a type of heart disease not usually 
associated with arterial unsaturation. Pulmonary congestion was the 
explanation in some, for, as respiratory function improved with anti- 
congestive measures, cyanosis disappeared. 

Peripheral cyanosis was also seen in other patients with vascular col- 
lapse due to severe failure. 

The most striking example of this was a week-old male infant with a history of 
rapid breathing and cyanosis for several hours. Physical examination revealed a limp 
infant with mottled cyanosis of the extremities, trunk, face and mucous membranes. 
Although radial pulses could be felt, femoral pulsations were barely palpable. Blood 


pressure by the flush method was 90 mm. in the arms and 40 mm. in the legs. The 
heart rate was 180 per minute, and the respiratory rate, 120 per minute. The liver 
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was 8 cm. below the right costal margin. The patient was placed in oxygen ai 
given Digoxin with improvement. Subsequently the radial pulses became boundin 
while the femoral ones remained weak. A murmur, not present at the time of a 
mission to the hospital, was heard maximally over the back. Cyanosis gradual 
cleared, and the diagnosis was made of coarctation of the aorta without complicatii 
right-to-left shunt suggested by the cyanosis. 

Another unusual feature was the development following digitalizatio: 
of auscultatory findings typical of specific heart disease in patients, suc! 
as the one mentioned above, who did not have characteristic murmurs 


during congestive failure. 


ETIOLOGY 


Congestive failure may occur in a variety of conditions in children. 
Congenital heart disease is probably the leading cause in this age group. 
The five most common lesions producing cardiac decompensation in 
children with congenital heart disease, in order of frequency according 
to Keith,” are transposition, coarctation of the aorta, ventricular septal 
defect, aortic atresia, and endocardial fibroelastosis. 

Doubtless the second most common cause of failure in childhood is 
rheumatic fever. If decompensation appears, it is considered a hallmark 
of active carditis in children, since failure secondary to valvular and 
myocardial scarring occurs later in life. Glomerulonephritis with or with- 
out hypertension and anemia may also produce cardiac failure. Other 
forms of renal insufficiency resulting in hypertension and anemia may 
likewise be associated with failure. Cardiac decompensation often follows 
prolonged supraventricular tachycardia and atrial flutter, the primary 
arrhythmias of childhood.”® Pericardial disease associated with effusion, 
constriction or inflammation also produces congestive failure. Myo- 
cardial involvement may occur in a number of diseases of childhood, 
myocarditis associated with viral infections probably being the most com- 
mon. Toxoplasmosis has been implicated as a cause of myocarditis in a 
few patients.5? In some children, however, the etiologic agent producing 
myocardial inflammation cannot be identified. 

Less frequently encountered causes of disturbed myocardial function 
include severe anemia, glycogen storage disease, collagen diseases (such 
as rheumatoid arthritis and periarteritis nodosa), gargoylism, Friedreich’s 
ataxia, progressive muscular dystrophy, hyperthyroidism and hypothy- 
roidism, beri-beri, diphtheria, aberrant origin of the left coronary artery, 
medial necrosis of the coronary artery, and coronary calcification. Cardiac 
insufficiency also may be encountered in patients with endocarditis even 
after bacteriologic cure. Valvular distortion and damage may contribute 
to the deterioration in this disease as well. Acute right-sided failure is a 
rare complication of bronchiolitis in infants. Although congestive failure 
is uncommon in children as a sequel of chronic pulmonary disease, it 
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has been described*® and appears to be similar to decompensated cor 
pulmonale in adults. It is most often found in older children with severe 
fibrocystic disease of the pancreas. Cardiac tumors may lead to failure. 
Arteriovenous aneurysms and fistulas shunting large volumes of blood 
also may produce cardiac failure. Finally, cardiac decompensation may 
be iatrogenically induced in children if fluid or electrolyte administra- 
tion is excessive in rate or amount. 


TREATMENT 


Close observation of the child in congestive failure is an integral part 
of the management, since future treatment depends largely on the re- 
sponse to measures already taken. Careful records should be kept of 
cardiac rate and rhythm, respiratory rate, weight, liver size, height of neck 
vein distention, presence of cyanosis and rales, degree of edema, and 
changes in ascites or pleural effusion. In addition, variations in heart size 
and lung fields on x-ray examination and changes in the electrocardio- 
gram and electrolyte pattern are important in evaluating the course of 
therapy. 


Digitalis 

InpicaTions. Digitalis is the principal tool for the treatment of con- 
gestive failure. In cases of anemia and pericardial tamponade the gly- 
coside usually is not effective and may even have an adverse effect. In 
these conditions the only effect of digitalis may be reduction in heart 
rate; as a consequence, cardiac output may be lowered beyond required 
levels. Thus in the therapy of congestive failure caused by anemia and 
pericardial tamponade digitalis assumes a secondary role, and treatment 
should be directed primarily to correction of the basic defect. The wis- 
dom of digitalis administration in the treatment of failure in acute 
myocarditis (rheumatic fever and other diseases) has been questioned. 
It has been suggested that the myocardium in this condition is more 
sensitive to digitalis, and that toxicity may appear before therapeutic 
results are accomplished. Experience has proved, however, that con- 
siderable benefit can be obtained from digitalis, and that with care the 
dangers of toxicity can be minimized. 

MecuanisMs oF Action. The basic action of digitalis is to increase 
the force of contraction of the failing myocardium.’ The evidence for 
this has been demonstrated by Cattell and Gold,® who investigated the 
problem with the use of isolated papillary muscle of cats’ hearts. Nu- 
merous clinical observations have been made of the effect of digitalis in 
congestive failure.!!: 18 Cardiac output and stroke volume are found to 
rise as a result of increased force of myocardial contraction. Following 
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this, the residual volume of the failing ventricle is reduced, and the en: 
diastolic pressure lowered. Elevated venous pressure then falls. Th 
mode in which digitalis influences systolic contraction is not know 
It is thought that the glycoside may affect contractile proteins of th 
myocardium and/or the distribution of potassium and sodium in th 
intracellular and extracellular spaces of the heart muscle.® 

Secondly, a reduction in heart rate follows administration of digitalis 
in congestive failure, and is thought to be the result of two mechanisms: 
(1) vagal stimulation, produced by small doses of the glycoside, anc 
(2) a more significant slowing resulting from restored cardiac compensi 
tion. 

A third cardiac effect of digitalis is depression of atrioventricular con- 
duction, demonstrable on the electrocardiogram as a prolonged P-R 
interval. This is of special importance in atrial fibrillation, since it re- 
duces the number of atrial impulses reaching the ventricles. 

A separate renal action of digitalis has been postulated. Farber et al.,!° 
using Digoxin, have demonstrated a diuresis in noncardiac, edematous 
patients. More recently Rudolph, Barger and Rokaw** have demon- 
strated selective increase in sodium excretion after infusion of small 
amounts of Digoxin into one renal artery of dogs in chronic congestive 
failure. However, in spite of these observed renal effects, they do not 
appear to be as significant as the myocardial benefits, since improve- 
ment in the patient often precedes diuresis or occurs without it. 

Dicrratis PREPARATIONS. Numerous digitalis preparations are avail- 
able, and much experience has been accumulated with their use in adults. 
There are less frequent reports of experience in children. Because of the 
increased incidence of gastrointestinal symptoms and difficulties in 
standardization of digitalis leaf, digitoxin is often preferred as a long- 
acting preparation and Cedilanid as a rapidly acting glycoside. More 
recently the usefulness of Digoxin has been explored, and many investiga- 
tors feel that there are several advantages of this drug as compared to 
other preparations.’® 2° These are related to the moderately rapid onset 
of action and shorter duration of toxicity. Therefore it is possible to 
manipulate dosage over a shorter time and achieve maximal benefit 
without danger of prolonged toxicity. For these reasons Digoxin would 
seem to be a wise choice of a digitalis preparation for a child in cardiac 
failure. Since the introduction of a dilute solution of Digoxin (Lanoxin) 
for oral use, it has been possible to administer small doses to children 
with a necessary margin of safety. This solution is available in only 
one concentration. In the light of reports of serious toxicity and even 
fatalities occurring from errors in writing or filling prescriptions of other 
digitalis preparations of various concentrations,”° this latter feature of 
Digoxin would appear to be of added advantage. The currently available 
parenteral preparation which may be given intravenously or intramuscu- 
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larly without dilution or local tissue damage is a solution of Digoxin in 
40 per cent propylene glycol and 10 per cent ethyl alcohol. 

MEtTHOps OF ADMINISTRATION. A detailed plan for Digoxin administra- 
tion will be described below. Other preparations may be preferred and 
usefully administered. More important than the actual choice of a prep- 
aration, however, is the physician’s experience accumulated through 
repeated, careful observations with one or two drugs. 

Routes of Administration and Absorption of Digoxin. Digoxin may be 
given by the oral or parenteral route. Oral administration is preferred 
except in emergency or when vomiting or unconsciousness makes this 
route impossible. The pediatric solution mentioned above is preferable 
for infants and small children. Tablets can be used for older children. 
After oral administration of Digoxin initial effects appear in two hours, 
and a, maximal effect is reached in six to eight hours.’® Although one 
might suppose that either the intramuscular or the intravenous route 
would result in relatively similar onset of action, Ganz et al.1* have 
shown recently that this is not the case with this preparation. The first 
evidence of digitalis effect after intravenous injection was seen in 
five to six minutes, and maximum effect was reached in two hours. On 
the other hand, after intramuscular administration peak cardiac action 
did not appear until six to eight hours later. The duration of action of 
orally administered Digoxin has been well demonstrated by Batterman 
et al. who found that three days after a digitalizing dose was given, 
approximately 87 per cent of the cardiac effect had been dissipated. 
While the major action of Digoxin lasts only two to three days, some 
reduction in pulse rate of patients with atrial fibrillation has been ob- 
served as long as a week after a digitalizing dose of Digoxin.'® 

Dosace or Dicoxun. In a series of 86 infants and children treated with 
Digoxin for congestive failure or an arrhythmia?® it was found that 0.03 
to 0.04 mg. per pound was the oral dosage most often required during 
the first 24 hours for digitalization of children up to two years. In those 
two years or older 0.02 to 0.03 mg. per pound was required. Studies by 
Wayne* and Gold et al.1® have shown that the relationship of oral 
to parenteral dosage is approximately 3:2, so that if two thirds of the 
oral dose is given parenterally, similar effects are achieved. It is suggested 
that the digitalizing doses cited above be divided, half given initially, 
and the remainder in equal portions at six to eight hourly intervals. In 
this way peak action of the drug is reached before the next dose and the 
danger of severe toxicity reduced. If, after the calculated dose has been 
given, a satisfactory response has not been obtained and there is no evi- 
dence of toxicity, the last dose (one fourth of the digitalizing dose) can 
be repeated every six to eight hours until improvement or toxicity 
appears. Then one can assume that the child is fully digitalized. 

Maintenance therapy may be started in approximately eight to twelve 








1132 CARDIAC FAILURE IN INFANTS AND CHILDREN 


hours after this. The daily requirement is approximately one third to 
one fourth of the total digitalizing dose in two divided doses. Divided 
maintenance dosage was chosen since in a few critically ill children 
toxicity could be avoided and clinical improvement achieved only by 
this method. It should be pointed out that maintenance doses of Digoxin 
may be lower if the drug is administered once daily.* This may explain 
the smaller maintenance dose (one fifth of the digitalizing dose once 
daily) advocated by Keith.”! It is hoped that more information can be 
obtained on this point. 

The foregoing recommendations have been presented as a guide only; 
individual variations are great, and a rigid schedule is inappropriate. 
It is imperative to find the correct digitalizing and maintenance dose for 
each patient, and in this way avoid serious toxicity or inadequate control 
of congestive failure. 

Dicrrauis Toxicrry. Anorexia, nausea and vomiting are common 
symptoms of digitalis intoxication in adults.2> Experience has shown that 
these are less frequent in children. In a study of digitoxin*® it was found 
that gastrointestinal disturbances are rare even in the presence of cardiac 
toxicity. With Digoxin in a series of 86 children’® the significance of 
anorexia and nausea in very young children was difficult to evaluate. 
However, the objective finding of vomiting was somewhat more fre- 
quent and at times was the only evidence of intoxication. 

All types of cardiac arrhythmia have been attributed to digitalis 
toxicity. Disturbances in atrioventricular conduction and ventricular 
ectopic beats are the commonest findings in adults.”° In the two studies 
in children from this institution,’® °° depression of atrioventricular con- 
duction (first- and second-degree heart block) and supraventricular 
arrhythmia were the usual manifestations. Ventricular ectopic beats were 
encountered rarely. Since in children serious cardiac toxicity may be 
induced by digitalis without warning or clinical signs of toxicity, the 
electrocardiogram serves as an important guide during digitalis therapy. 
If maximal benefit is to be derived from a glycoside, it should be given 
to the point of improvement in the patient or to early toxicity. There- 
fore, in situations in which toxicity is likely to appear (during initial 
digitalization, adjustment of dosage, or changes in body potassium), 
electrocardiographic observation is necessary and often is the only means 
of detecting intoxication. 

Disturbances of the nervous system have been described with over- 
dosage of digitalis and include impaired color vision, headache, drowsi- 
ness, mental confusion, convulsions and neuralgia.1*7 We have not seen 
such neurologic manifestations of toxicity. 

Although toxicity may occur with excessive dosage, there are several 
circumstances in which it may develop on average or even low doses, 
e.g., myocardial disease or potassium depletion following diuresis, sur- 
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gical procedures, reduced intake of potassium, or bouts of diarrhea or 
vomiting. 

Treatment of Digitalis Toxicity. Close observation of the patient, 
clinically and electrocardiographically, is necessary. Discontinuing both 
glycoside and diuretic is the first step in the treatment of digitalis 
toxicity, and in most cases this is all that is required. However, if the 
arrhythmia is ventricular in origin, if supraventricular ectopic beats are 
frequent and result in tachycardia, or if atrioventricular conduction dis- 
turbance results in second- or third-degree block, additional steps may be 
considered. ‘hese are the use of potassium and procaine amide (Pro- 
nestyl). 

Potassium may be administered orally or intravenously, the route 
depending on the severity of the toxicity. Although no detailed schedule 
is available for its use in children, a program has been outlined by Lown 
and Levine* for adults. This will be stated in brief. Oral potassium 
chloride, 5.0 to 7.5 gm. (67 to 100 mEq. of potassium) in divided daily 
doses, is recommended for adults not in great danger. If the arrhythmia is 
a serious one, a single dose of 5 gm. may be administered. However, 
the intravenous route is preferred in severe toxicity. The potassium is 
given as a solution of 40 mEq. of potassium chloride in 500 cc. of 5 
per cent glucose in water over a period of one hour, and may be repeated 
until a total of 120 mEq. has been administered. During an intravenous 
infusion constant electrocardiographic monitoring is needed. If evi- 
dence of potassium intoxication develops, i.e., peaking of the T wave, 
the infusion is stopped immediately. 

From these recommendations one might consider in a child using 1 to 
1.5 mEq. of potassium chloride per kilogram of body weight for a daily 
oral dose in divided portions (1 gm. of potassium chloride equals 13.4 
mEq. of potassium). Intravenously, approximately 0.5 mEq. per kilo- 
gram may be given over a period of not less than one hour as a solution 
of 40 mEq. in 500 cc. of 5 per cent glucose in water, the total dose 
not exceeding 2 mEq. per kilogram. These are suggestions only, and the 
patient must be followed electrocardiographically during the administra- 
tion of potassium. 

If a ventricular arrhythmia has not been successfully terminated by 
potassium, procaine amide may be considered. This can be administered 
by mouth or the parenteral route. Complete absorption follows oral use. 
A single oral dose of 7 mg. per pound may be given to children. If urgent 
therapy is indicated, it may be suggested that in young children 10 to 25 
mg. be given intravenously every two minutes under electrocardiographic 
observation, but not exceeding a total of 200 mg., and in older children 
50 mg. every two minutes, but not exceeding a total of 500 mg. At the 
first sign of broadening of the ORS complex the infusion should be 
stopped. Once more, these are suggestions only. 
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Diuretics 

If congestive failure is severe or if maximal doses of digitalis do not 
produce significant amelioration of symptoms, the addition of diuretics 
is indicated. From our experience it would seem that mercurials and 
chlorothiazide are the most useful preparations in children. Since the 
introduction of the latter, acetazolamide (Diamox), another orally 
administered but less effective diuretic, has had a more restricted use in 
children. 

Mercuriats. Studies have shown that after an injection of a mer- 
curial, chloride, sodium and water are present in the urine in excessive 
amounts.” Reduced tubular reabsorption of these substances is thought 
to be the mechanism involved, although the exact site of such action 
has not been identified. 

Preparations. Meralluride (Mercuhydrin) has been used extensively 
and is effective and safe. It may be administered intramuscularly or in- 
travenously, although the latter route is not recommended because of 
possible direct toxic effect on the myocardium with resultant ventricular 
fibrillation.17 When it is given intramuscularly, care should be taken to 
inject it deeply in the muscle. Pain at the injection site is an occasional 
complaint. Generalized sensitivity reactions may occur. 

Mercaptomerin sodium (Thiomerin) has similar properties except 
that it may be given subcutaneously. However, local tissue reaction has 
been reported in approximately 20 per cent of patients.’ An increased 
number of sensitivity reactions are also said to occur with this drug. 

Dosage. The following approximate dosage schedule may be used for 
mercurials: 


a EE ee 0.1 ml. with a maximum of 0.25 ml. 
1 month—2 years ............ 0.2 ml. with a maximum of 0.5 ml. 
2 years and beyond .......... 0.3 ml. with a maximum of 1.0 to 1.5 ml. 


Maximum dosage is listed and is intended for those children who show 
no response to the lower dose. The drug may be given as often as every 
other day if necessary to achieve the desired edema-free state, but cer- 
tainly should not be used more frequently. Once the patient has reached 
this point, identified by his lack of significant weight loss after further 
administration of a mercurial, one should aim at keeping him as close 
to this dry weight as possible with mercurials as needed rather than 
permitting reaccumulation of large amounts of fluid. 

Diuretic response begins in one hour and continues for approximately 
12 to 24 hours after administration.’* If diuresis is expected in a child 
who is taking digitalis, a large glass of orange juice or supplements of 
potassium chloride by mouth may be helpful in avoiding hypokalemia 
and perhaps digitalis toxicity. If maximal response to a single dose of 
mercurial is imperative, a dilute infusion of aminophyline (1 to 3 mg. 
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per pound )*! intravenously and lasting at least 10 minutes may be given 
30 minutes after the mercurial. The mechanism for this enhanced 
response is thought to be an increase in glomerular filtration secondary 
to the xanthine. Ammonium chloride, 1 to 2 gm. in young children and 
3 to 6 gm. in older children, may also potentiate the action of mercurials 
if given for two to three days preceding the latter drug. 

Electrolyte Disturbances Due to Mercurial Diuresis. Friedberg'® has 
pointed out that frequent mercurial diuresis may lead to one of three 
types of electrolyte patterns. The first is one of slight excess chloride 
excretion in relation to sodium and water with loss of the latter two in 
proportionate amounts. If these losses can be replaced in the diet, ad- 
justment will occur and mercurials can be used repeatedly. The second 
response is one of considerable loss of chloride in relation to sodium—po- 
tassium and/or ammonium accounting for the nonsodium cation content 
of the urine. If the amount of potassium excreted is excessive, potassium 
depleticn as well as hypochloremia may result. As a consequence of the 
lowered serum chloride, bicarbonate is retained and metabolic alkalosis 
follows. In the face of this, further mercurial administration is ineffective 
until other therapy is instituted. Potassium is necessary to correct this 
condition, and in some cases the additional use of ammonium chloride 
may be helpful. The third type of disturbance which may follow mer- 
curial diuresis is loss of large quantities of chloride, sodium, and water 
and replacement of chloride and water from a diet severely restricted 
in sodium. The result of this is a return of body chloride and water to 
normal and a drastic reduction in total sodium. Such hyponatremia may 
produce a wide range of symptoms from fatigue to circulatory collapse. 
If no other explanation for this clinical picture can be found in a pa- 
tient on diuretics and a low sodium diet, sodium chloride may be 
given orally, or if the patient is in acute collapse, extremely slow and 
cautious replacement with 3 to 5 per cent sodium chloride intravenously 
may be undertaken with the aim of correcting the calculated deficit in 
several stages. 

CHLOROTHIAZIDE. Since its introduction, chlorothiazide (Diuril) has 
proved to be an effective orally administered diuretic.'* Diuresis gen- 
erally begins two hours after ingestion and continues for 12 hours. Large 
quantities of sodium and chloride are excreted in the urine as well as 
appreciable amounts of potassium. Because of the latter characteristic, 
intermittent serum electrolyte determinations and supplements of po- 
tassium chloride have been advocated. Current studies indicate that 
this preparation is approximately as potent a diuretic as the mercurials. 
The added advantage of oral administration would seem to make it a 
valuable drug in children. At present the following dosage scale is being 
used for children with congestive failure at the Children’s Medical 
Center in Boston. 
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PE ca aetenthirne cewdw dae auies 125 mg. b.i.d. 
EI ee tee ena 250 mg. b.i.d. 
SU errr eee 250 mg. t.i.d. up to 500 mg. t.id. 


In addition, supplements of potassium chloride, 0.3 gm. three time: 
daily, are given to all children receiving the drug. Wider experience with 
chlorothiazide in the pediatric age group will be welcomed. 


Sodium Restriction 


Abnormal retention of sodium in cardiac failure has been mentioned. 
The degree of retention appears to vary with the severity of the failure. 
In mild cases all but a small amount of sodium can be successfully 
cleared within a reasonable time, while in advanced heart failure the 
salt in a normal diet leads to considerable sodium and subsequent water 
retention.!* In the management of children in failure, digitalis with or 
without diuretics often suffices, and their regular diet with the omission 
of heavily salted foods can be continued. However, when failure is 
severe and uncontrolled by other measures, moderate sodium restriction 
has a place in therapy. One of the most useful adjuncts to this is milk 
low in sodium. This may be supplied either 4s Lonolac, a powdered 
preparation, or a dairy-supplied, low sodium milk which seems to be 
readily accepted by most children. 

Cation exchange resins have been used in removing excessive amounts 
of sodium from the body by excretion into the gastrointestinal tract 
as well as preventing absorption of sodium in the diet. However, elec- 
trolyte disturbances are frequently produced, and their usefulness is 
limited. 


Oxygen 


The value of oxygen in the therapy of pulmonary congestion is well 
known. Its specific action is to decrease pulmonary venous unsaturation 
produced by the diffusion barrier of extravasated fluid in alveolar spaces. 
An oxygen tent is generally the best method of administration to a 
child, since a mask or nasal catheter is usually alarming to them. The 
latter two methods may be used for emergencies. Often children in 
congestive failure welcome a tent and prefer it while they are acutely 
ill. However, it has been pointed out that confinement to a tent pro- 
duces great anxiety in some children, and in this situation it may be bet- 
ter to withhold oxygen. A concentration of 50 per cent has been recom- 
mended.”* Luisada** reports that passing oxygen through a humidifying 
chamber containing 20 to 30 per cent ethyl alcohol for periods of 10 to 
12 minutes at a time every 20 to 30 minutes results in decreased surface 
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tension of the froth which fills the alveoli and bronchial tree in acute 
pulmonary edema. 

In the rare child with cor pulmonale, oxygen should be administered 
under close observation, since the respiratory center in some may no 
longer be sensitive to changes in carbon dioxide tension and rather 
may be regulated by hypoxia. If such a patient is treated with continuous 
oxygen, respiratory depression and even death can occur from removal 
of the abnormal respiratory stimulus—oxygen deprivation. 


Morphine 


Morphine is one of the most satisfactory ways to relieve the anxiety 
and respiratory distress of cardiac failure. It also seems especially appro- 
priate in the many children who are frightened by the diagnostic and 
therapeutic measures which are necessary. The drug may be given sub- 
cutaneously or, in the rare instances when pulmonary edema is a threat 
to life, intravenously. A dose of 0.1 mg. per pound has been suggested 
as a maximum.*! However, in children with congestive failure often 
half this amount is enough. Because of the respiratory depressant effect 
of the drug, its repeated use should be closely supervised. 


Position 


The fretfulness and grunting respirations of an infant, and the dysp- 
nea of older children often can be alleviated by elevation of the head 
and shoulders to at least 45 degrees. With the use of a pillow in back 
and a small blanket roll beneath the knees, even a newborn infant can 
be maintained in this position. In toddlers and older children the value 
of an upright position is self-evident, so that facilities for propping in 
bed or sitting in a comfortable chair or play table are usually welcomed. 
If failure is severe and pulmonary edema a threat, it may be necessary 
to maintain the patient in a chair or cardiac bed with feet low through- 
out the day and night. 


Tourniquets 


Tourniquets are extremely useful in the treatment of severe pulmo- 
nary edema in any age group.’ By applying them to three extremities 
at a time and rotating one every 10 minutes, considerable blood can 
be trapped distal to them if care is taken not to obliterate the pulse. 
In this way venous return and subsequently the output of the right 
ventricle are diminished, so that less blood enters the excessively full 
pulmonary circulation. Fluid also tends to be extravasated in the areas 
distal to the venous constriction, and so further reduces blood volume. 
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After satisfactory relief has been obtained tourniquets may be discon- 
tinued one at a time. The soft rubber tubing used for filling hemoglobin 
pipets has proved effective in infants, some of whom have been treated 
for as long as 36 hours. 


Venesection 


If pulmonary edema is so severe that immediate therapy is imperative, 
venesection can be done to reduce blood volume. Although accurate 
figures for the amount of blood to be removed in children do not exist, 
one can propose that 5 to 10 per cent of the estimated blood volume 
(10 per cent of body weight) be withdrawn at one time with some 
modification if the patient is severely anemic. 


Antibiotics 


Because of the difficulty in differentiating infection from pulmonary 
congestion in very young or severely debilitated infants in cardiac failure, 
it seems wise to treat such patients with antimicrobial drugs for five to 
seven days. In older patients the usual criteria for treatment of infection 
would seem reasonable. It should be noted that many children with 
heart disease remain compensated until the added burden of infection 
with fever and tachycardia proves to be too great, and failure develops. 
Active therapy with antimicrobials and anticongestive measures are 
quite effective in this group. 


Treatment of Specific Causes of Cardiac Failure 


As soon as immediate steps have been taken to control decompen- 
sation, the patient should be evaluated to see whether therapy can be 
directed toward correcting or ameliorating the basic defect. 

Many types of congenital heart disease are now amenable to surgery. 
Patent ductus arteriosus, ventricular septal defect, atrial septal defect, 
endocardial cushion defect (ostium primum and atrioventricularis com- 
munis), coarctation of the aorta, aortic stenosis and pulmonary stenosis 
are such lesions which may lead to congestive failure. Once anticon- 
gestive measures have been started in patients with congenital heart 
disease, attention should be directed to establishment of a correct diag- 
nosis so that if any of these lesions is present, ultimate surgical repair 
can be planned. 

Arrhythmias generally can be terminated with appropriate drugs, 
while in cases of failure precipitated by severe anemia slow adminis- 
tration of packed red cells or blood produces striking improvement. 
Considerable benefit can also be gained from the use of hypotensive 
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agents in children with hypertension secondary to renal disease and 
congestive failure. Definitive therapy in cardiac tamponade is obvious. 
Dramatic relief usually follows drainage of effusion or pus from the 
pericardial cavity. Pericardiectomy is equally effective in patients with 
constrictive pericarditis. Therapy of other specific though rare causes 
of cardiac failure in children includes the treatment of hyperthyroidism 
or hypothyroidism, antitoxin in diphtheria, and vitamin replacement 
for beri-beri. 

Although the value of adrenal steroid therapy is debatable in rheu- 
matic fever (see p. 1147), most clinicians agree that some benefit may 
be derived from its use in acutely ill children with active carditis and 
advanced congestive failure, although great care is needed in their 
management to avoid distress incurred by further sodium retention 
induced by the hormone. The use of corticosteroids has also been 
proposed in cases of severe myocarditis’® *? if patients fail to respond 
to the usual anticongestive measures. Experience with this is limited, 
however. 

In the rare child who has cardiac failure secondary to chronic pulmo- 
nary disease, additional steps may be taken. If polycythemia exists, 
phlebotomy is indicated to reduce the hematocrit value gradually to 
approximately 50 per cent. This is in contrast to the patient with cya- 
notic congenital heart disease who seems to function better at a higher 
hematocrit value. Also smoldering or acute respiratory infection should 
be treated vigorously. Positive pressure breathing with a Bennett respi- 
rator or similar devices may be beneficial in improving air exchange 
and reducing hypoxia. The necessity for careful administration of oxygen 
has been mentioned. 


SUMMARY 


1. Cardiac failure is characterized by reduced force of ventricular 
contraction with resultant impaired cardiac output and elevated venous 
pressure. 

2. The most common findings in children with congestive failure are 
tachycardia, tachypnea and hepatomegaly. Pulmonary rales and pe- 
ripheral edema are found less frequently. 

3. Congenital heart disease and active rheumatic carditis are the 
principal causes of congestive failure in children. 

4. Cardiac failure is best treated with digitalis. Diuretics, including 
mercurials and/or chlorothiazide, may be given if failure is severe or 
unimproved by glycosides. In certain situations sodium restriction, oxy- 
gen, morphine, propping in an upright position, tourniquets, venesection 
and antimicrobials are indicated. After initial anticongestive measures 



























































] 


5 


- 


ww 


v1 


1140 CARDIAC FAILURE IN INFANTS AND CHILDREN 


have been taken the patient should be evaluated to see whether therapy 
can be directed toward correction of the basic cardiac defect. 
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MANAGEMENT OF RHEUMATIC FEVER 


Therapy of the Acute Attack and 
Prevention of Recurrences 


BENEDICT F. MASSELL, M.D. 


THERAPY OF THE ACUTE ATTACK 


Therapy of rheumatic fever and rheumatic carditis is a subject about 
which there is still considerable disagreement among investigators. 
Since the cardiac damage that ofter results from rheumatic fever is the 
real problem in this disease, the therapeutic regimen which results in 
the least amount of such damage obviously would be the best regimen. 
This problem has been under investigation at the House of the Good 
Samaritan for a number of years and has also been the subject of 
numerous scientific papers from many medical centers throughout the 
world. Although important data bearing on the problem have been 
obtained, definitive information is still not available. 

In the absence of such information, what should the practicing phy- 
sician do when he is faced with the problem of treating a patient with 
rheumatic fever? Certainly he cannot defer treatment until the contro- 
versy is settled. Fortunately, in spite of the lack of adequate compara- 
tive data on the incidence and severity of cardiac damage in patients 
treated with various regimens, we do have information about several 
important clinical features of rheumatic fever which we believe pro- 
vides a rational basis for the management of acute rheumatic fever. 

In analyzing these features of rheumatic fever we have utilized a 
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group of 304 patients who were observed in an initial attack of rheu 
matic fever between 1941 and 1951 and who did not have pure chorea 
These patients received little or no aspirin, steroids or other anti 
rheumatic drugs. In the selection of this group care was taken to ex- 
clude all patients who had a rheumatic fever recrudescence while in 
the hospital. Throat cultures showed that some of the patients admitted 
before 1945 were carriers of beta hemolytic streptococci. Beginning in 
1945, beta hemolytic streptococci were promptly eradicated by peni 
cillin therapy whenever they were detected by throat culture, and, 
later, by means of daily penicillin prophylaxis, beta hemolytic strepto 
cocci were prevented from appearing in the respiratory tract. Thus a 
large proportion of the 304 initial attacks utilized for this study) 
occurred in patients who on the whole were free of beta hemolytic 
streptococci during their period of hospitalization at the House of the 
Good Samaritan. 


Clinical Features that Provide a Basis for Therapy 


Duration oF Inrriat Attacks. In 269 of the 304 patients observed 
during an initial attack of rheumatic fever the laboratory and clinical 


TABLE 26. Proportion of Patients with Active Rheumatic Fever at Increasing Intervals 
after Onset of 269 Initial Attacks 


WEEKS ELAPSED WITH ACTIVE RHEUMATIC FEVER 





SINCE ONSET Cases Per Cent 
_ SEIS . . 269 100 
Sr atcae . 200 74 
ee . 119 44 
sd a as . 22 
SSP 30 11 
Rae 15 6 


data were adequate to allow for an analysis of the duration of the 
theumatic attack. The results of this analysis, shown in Table 26, 
indicate that all evidence of active rheumatic fever had subsided within 
12 weeks in almost 80 per cent of cases and within 15 weeks in almost 
90 per cent. Thus it would appear that most of the initial attacks were 
self-limited and that the vast majority of them subsided spontaneously 
within 12 to 15 weeks. 

INcIDENCE OF Rueumatic Heart Disease. In spite of the relatively 
self-limited course of the rheumatic inflammatory process in these 269 
patients, significant murmurs indicative of valvular involvement were 
observed in approximately 50 per cent of the patients during hospitali- 
zation at the House of the Good Samaritan. 

RELATION OF DEVELOPMENT OF SIGNIFICANT MuRMuRS TO THE DuRa- 
TION OF ItLNeEss. In order to study the question of when murmurs 
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develop in the course of rheumatic fever, 206 patients were selected 
who were examined at the House of the Good Samaritan or in some 
other hospital within the first week of their illness. Information on 
this selected group is presented in Table 27. 

From the data in Table 27 it is evident that 103 patients (50 per cent) 
had significant murmurs indicative of cardiac involvement some time 


raBLE 27. Incidence of Development of Significant Murmurs at Various Intervals 
after the Onset of 206 Initial Attacks of Rheumatic Fever 








DURATION OF ILLNESS PATIENTS IN WHOM MURMURS DEVELOPED DURING 
INTERVAL 
Number Percentage with Percentage of 
Carditis Total Patients 
Be Ns o.6 ono Pe: 76 38 
8-14 days..... 7 6.8 3.4 
15-28 days.... 4 3.9 1.9 
29-42 days. . 3 2.9 1.4 
43-91 days. . 4 3.9 1.9 
More than 91 days........ 7 6.8 3.4 
ME Scsees 103 100 50 


raABLE 28. Risk of Murmurs Developing in Patients not Showing Signs of Carditis 
When Examined at Various Intervals after the Onset of Rheumatic Fever 





DAY OF NUMBER OF PATIENTS PATIENTS WITH SUBSEQUENT 
ILLNESS WITHOUT CARDITIS DEVELOPMENT OF SIGNIFICANT 
MURMURS 
Number Per Cent 
Onset. . . 206 103 50 
S... .128 25 20 
aS... .121 18 15 
29.. U7 14 12 
43.. .114 11 10 
S2.. ook 7 6 —_ 


between the onset and the end of their attack. Of those who had 
evidence of heart damage, murmurs were already present in 78 patients 
(76 per cent) when they were first examined in a hospital during the 
first week of illness. In only 25 patients (24 per cent of those with 
carditis) did significant murmurs develop subsequent to the end of the 
first week, and in only 18 patients (17 per cent of those with carditis) 
did the murmurs develop after the end of the second week. 

The data from Table 27 have also been used to calculate the risk of 
significant murmurs developing in patients who did not present mur- 
murs when examined at various intervals after onset of their initial 
attack of rheumatic fever. The results of this analysis, shown in Table 
28, indicate that the risk of significant murmurs developing subsequent 
to the onset of rheumatic fever was 50 per cent. However, if murmurs 
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were not present by the eighth day of illness, the risk of such murmur 
appearing later in the attack was only 20 per cent. The risk decrease: 
to 15 per cent on the fifteenth day, 12 per cent on the twenty-nint! 
day, 10 per cent on the forty-third day, and 6 per cent on the ninety 
second day. 

Thus the results of this study suggest that most murmurs which 
develop in an initial attack of rheumatic fever become apparent earl\ 
and that the risk of murmurs developing later rapidly decreases after 
the first week of illness. 

NaturE OF THE Carpiac Damace. Experience suggests that the heart 
damage which often results from rheumatic fever is due to two proc- 
esses: inflammation with tissue damage at the beginning and, as time 
goes on, repair of inflammation with fibrosis and consequent deformity) 
of the valves and permanent changes in the myocardium. Significant 
murmurs may be produced by both the early and the late cardiac 
lesions. The early inflammatory process is potentially reversible; the 
late fibrotic changes are not reversible. 


Penicillin 


It is now well established that beta hemolytic streptococcal infec 
tion is the cause of initial attacks of rheumatic fever. In patients 
recovering from such initial episodes the development of new strepto- 
coccal infections will frequently cause recrudescences of the disease, 
which in turn will prolong the attacks and generally will result in an 
increase in the incidence and severity of heart damage. Thus the use 
of prophylactic penicillin during rheumatic fever to prevent intercur- 
rent streptococcal infections is indirectly also of therapeutic value. 

After streptococcal infection, beta hemolytic streptococci can be cul- 
tured from the tissues of the upper respiratory tract for varying periods 
of time—occasionally for several months or longer. Although the de- 
velopment of streptococcal infection is known to be the cause of both 
initial attacks and recurrences of rheumatic fever, we do not yet know 
whether the persistence of streptococci in the tissues after the onset of 
rheumatic fever has any influence on the duration of the rheumatic 
attack. Nevertheless it may be significant that the relatively self-limited 
aspect of rheumatic fever noted in the present study was observed in 
patients who to a large extent either remained free of beta hemolytic 
streptococci or were promptly treated with large doses of penicillin for 
10 days whenever beta hemolytic streptococci were cultured from their 
throat. Hence it would seem logical not only to administer prophylactic 
penicillin continuously to all patients with acute rheumatic fever, but 
also initially to give such patients a 10-day course of penicillin in thera- 
peutic doses in order to eradicate any beta hemolytic streptococci that 
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may be lurking in the tissues of the upper respiratory tract. That this 
latter use of penicillin may indeed be of therapeutic value is suggested 
by the studies of Mendoza, Correa-Suarez and Casellas,'° who observed 
that intensive penicillin treatment followed by penicillin prophylaxis 
seemed to shorten the course of rheumatic fever and lessen the severity 
of cardiac damage, and by the preliminary studies of Rammelkamp and 
his associates,* who observed a somewhat lower incidence of rheumatic 
heart disease in patients treated with penicillin than in patients not 
so treated. 


Aspirin and the Adrenocortical Steroids 


Since permanent cardiac damage from rheumatic fever presumably 
is due largely to repair of the inflammatory changes, it seems reason- 
able to believe that the need for repair and hence the development of 
permanent cardiac damage can be prevented or lessened if the inflam- 
matory process in the heart can be suppressed early in the attack and 
can be kept suppressed for the duration of the rheumatic episode. 
Although penicillin possibly may be of therapeutic value by virtue of 
its antistreptococcal activity, there is as yet no evidence that it has 
any direct suppressive effect on the rheumatic process. Therefore treat- 
ment of rheumatic fever should include the use of one of the so- 
called antirheumatic drugs, such as aspirin and the steroids, which 
appear to be capable of suppressing rheumatic inflammation. 

Factors to be considered in choosing between aspirin and one of the 
adrenocortical steroids are the degree to which each is capable of sup- 
pressing the rheumatic inflammatory process in the heart and the 
possible risk of serious toxic reactions when the drugs are given in 
highly suppressive dosage and continued long enough to cover the 
duration of most self-limited attacks of rheumatic fever. 

RELATIVE ANTI-INFLAMMATORY EFFECTS OF ASPIRIN AND ADRENO- 
CORTICAL STEROIDS. Available data suggest that the adrenocortical ster- 
oids are capable of suppressing rheumatic inflammation to a greater 
degree than is aspirin. Four kinds of evidence supporting this conclu- 
sion are summarized as follows: 

1. It is now generally recognized that the suppressive effect of aspirin 
and steroids may influence to a varying degree the tissue reactions that 
accompany all the collagen diseases and many other unrelated diseases, 
and that, therefore, this suppressive effect is not necessarily specific for 
theumatic fever. It is also evident that tissue reactions of certain dis- 
eases (such as lupus erythematosus, scleroderma and severe rheumatoid 
arthritis) which are relatively resistant to suppressive therapy are influ- 
enced to a higher degree by full doses of steroids than by full doses of 

* C. H. Rammelkamp, Jr.: Personal communication. 
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aspirin. Observations such as these make it seem likely that steroi 
have a considerably greater nonspecific suppressive effect on tissue i 
flammation than does aspirin. 

2. In patients with acute rheumatic fever, elevation of the erythr 
cyte sedimentation rate and prolongation of the P-R interval of th: 
electrocardiogram are reduced to within normal limits more rapidly b, 
steroids than by aspirin. 

3. The clinical course of subcutaneous nodules, even though this 
manifestation is extracardiac, offers additional indirect evidence of the 
suppressive effect of antirheumatic drugs on rheumatic carditis. Since 
the microscopic architecture of the subcutaneous nodule resembles in 
many respects that of the cardiac lesions, and since only rarely do 
rheumatic fever patients with nodules escape heart damage, it seems 
logical to infer that treatment which favorably affects the rheumatic 
subcutaneous nodule will similarly affect the rheumatic lesions in the 
heart. 

It therefore may be significant that nodules, which ordinarily dis- 
appear rather slowly in untreated patients and in patients given aspirin, 
become detectably smaller within one or two weeks and disappear 
completely within two to nine weeks after the beginning of hormone 
therapy. Furthermore, nodules not infrequently develop for the first 
time in patients with rheumatic carditis during aspirin therapy, but do 
not do so in comparable patients being treated with prednisone, corti- 
sone or ACTH. 

4. The final evidence concerns the response of patients with severe 
rheumatic pancarditis to steroid therapy. This response is illustrated by 
the following brief case report of a patient treated with prednisone: 


P. P., a 4¥2-year-old girl, was admitted to the hospital on November 5, 1957, 
2% weeks after the onset of an initial attack of rheumatic fever. On admission she was 
obviously very ill with fever, elevation of the erythrocyte sedimentation rate and 
antistreptolysin-O titer, painful joints, epistaxis, moderately severe anemia, rapid 
respiratory rate and severe congestive cardiac failure. Her heart was extremely large, 
its rhythm was regular, and its rate was rapid. A loud to-and-fro pericardial friction rub 
was present over most of the precordium, but, in spite of this rub, a loud, blowing 
systolic murmur could be heard at the apex, in the left axilla and over the back of the 
chest. Within 24 hours of treatment with prednisone,* which was begun on the night 
of admission, the fever, tachypnea and joint pains had subsided and the heart rate had 
slowed considerably. The pericardial friction rub rapidly diminished in intensity and 
disappeared completely within 5 to 7 days. Signs of congestive cardiac failure likewise 
diminished rapidly and cleared completely within 14 days. The corrected erythrocyte 
sedimentation rate reached a normal level by the ninth day of treatment. Cardiac en- 
largement (possibly due to pericardial effusion as well as myocarditis) rapidly lessened, 
so that between the day of admission to the hospital and the seventh day of treatment 
the cardiac silhouette by x-ray examination changed as shown in Figure 161. When the 
patient was discharged from the House of the Good Samaritan on March 7, 1958, she 
appeared generally well except for moderate residual fullness of the face (due to 
prednisone therapy), and there was no evidence of active rheumatic fever or congestive 


* Meticorten (Schering), supplied through the courtesy of Dr. Edward Henderson. 
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cardiac failure. Her heart was still definitely enlarged, and a moderately loud apical 
systolic murmur indicated the presence of residual mitral regurgitation. 

We have seen a number of other patients with severe rheumatic 
fever, pericarditis and congestive cardiac failure who have shown a 
similar dramatic response to adrenocortical steroid therapy. Since most 
of the members of our hospital staff have been reluctant to withhold 
steroid therapy in extremely ill patients, comparable cases treated with 
aspirin have not been observed by us in recent years. However, prior 
to the introduction of hormone therapy in 1949 it was our general 





B 





Fig. 161. Change in appearance of heart x-ray during treatment with prednisone 
(Meticorten). A, Film taken just before therapy was begun; B, film taken on the 
seventh day of treatment. 


experience that patients such as the one described in the case report 
ran a prolonged, stormy course, even when aspirin therapy was used, 
and that the illness, even when it was an initial attack, sometimes 
ended fatally. 

Toxic Errects oF AsPiRIN AND Steromws. Both aspirin and the 
adrenocortical steroids, when given in large doses, may cause serious 
and, in rare instances, even fatal reactions. Of the various possible 
harmful effects of steroids, the one which we fear the most is the 
development and spread of infection, particularly viral infection. The 
latter risk can be kept to a minimum by taking care not to expose 
patients under treatment to other persons with infection, giving pro- 
phylactic penicillin continuously and prophylactic intramuscular gamma 
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globulin (5 cc.) every three or four weeks. Other possible serious effec 

can also be prevented to a large degree or brought under control | 

careful medical supervision and appropriate precautionary measurc 

Nevertheless it seems evident that even under optimum conditio: 

treatment with steroids involves a somewhat greater risk than treatment 
with aspirin. 


Dosage Schedule of Aspirin and Adrenocortical Steroids 


The objectives of suppressive therapy in rheumatic fever are to ad- 
minister antirheumatic drugs sufficiently long to cover the duration 
of most self-limited attacks of the disease, and to administer the drugs 
in sufficient dosage to obtain a maximum degree of suppression of the 
theumatic inflammatory process without producing serious toxic effects. 
Since most of the initial attacks observed in the present study subsided 
within 12 weeks, we have selected 12 weeks as the period of treatment 
for both aspirin and the adrenocortical steroids. 

When aspirin is used, the total daily dosage is calculated on the 
basis of 40 mg. (%4 grain) per pound of body weight, and this total 
daily amount is given by mouth in four divided doses every six hours. 
Treatment at this dosage level is continued for 10 weeks, and then the 
daily amount is gradually decreased over an additional two weeks. If 
the dosage is not tapered toward the end of treatment, abrupt discon- 
tinuation of therapy may be followed by fever and other “rebound” 
manifestations. 

In a daily dosage of 40 mg. per pound of body weight aspirin is 
tolerated by most patients, whereas a total daily amount of 60 mg. (1 
grain) per pound of body weight often causes hyperpnea and other 
important signs of toxicity. If toxic symptoms should develop with 
the recommended daily dosage of 40 mg. per pound of body weight, it 
is advisable to discontinue the drug for one or two days and then 
resume treatment at a somewhat lower dosage level. 

The adrenocortical steroids with which we have had the most 
experience are prednisone and cortisone. The former has the advantage 
of not causing appreciable retention of sodium and water and of not 
causing an excess loss of potassium. Hence it may be given without 
great restriction of salt intake and without administration of potassium 
chloride. When cortisone is used, it is advisable to restrict salt and 
to administer 3 to 4 gm. of potassium chloride a day. 

Available data suggest that one 5-mg. tablet of prednisone given by 
mouth has a suppressive effect equivalent to that of one 25-mg. tablet 
of cortisone. The dosage schedule used at the House of the Good 
Samaritan for the past four years involves giving 12 tablets (60 mg. of 
prednisone or 300 mg. of cortisone) a day in four divided doses every 
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six hours. For children weighing less than 40 pounds the daily amount 
is reduced by about one third. This initial dosage level is continued for 
three weeks, and then the daily amount is reduced gradually over the 
remaining nine weeks of the treatment period. Details of the schedule 
for prednisone are shown in Table 29. 

Rebounds, manifested chiefly by fever and elevation of the sedimen- 
tation rate, sometimes come on toward the end of the treatment period 
or shortly after the adrenocorticosteroids have been discontinued, but 
we have the impression that such rebounds are much milder and less 


TABLE 29.1 Dosage Schedule of Prednisone 


PERIOD OF TOTAL DAILY NUMBER OF SIZE OF INDIVIDUAL DOSES 
TREAT- AMOUNT IN MG. DOSES PER 
MENT DAY 


Milligrams Tablets 





i ae . .60 4 15-15-15-15 3-3-3-3 
PI a nicas 50 4 15-10-15-10 3-2-3-2 
| eee ..45 4 15-10-10-10 3-2-2-2 
7 Gee... .... . .40 4 10-10-10-10 2-2-2-2 
FM 8 5 < ae 4 10-5-10-10 2-1-—2-2 
7 Gaye...... <a 4 10-5-10-5 2—1-2-1 
> ocae 4 10-5-5-5 2-1-1-1 
ee ae 4 5-—5-5-5 1-1-1-1 
PG... <. Pe 3 5-5-5 1-1-1 
ee ..10 2 5-5 1-1 
ee oor a 1 5 1 





For patients weighing less than 40 pounds the daily dose is reduced by approximately 
one third. 


frequent than those observed in rheumatic fever patients treated with 
smaller amounts of steroids and for shorter periods of time. 


Conclusions Regarding Selection of Drugs 


The foregoing considerations suggest that treatment of acute rheu- 
matic fever should include the administration of penicillin, at first in 
therapeutic doses and then in prophylactic doses. It also would seem 
evident that treatment should include the use of aspirin or the adreno- 
cortical steroids given in relatively large doses and over a long enough 
period to cover the duration of most self-limited attacks of rheumatic 
fever. Of these two antirheumatic agents the steroids appear to be the 
more potent, but they also are somewhat more hazardous. Selection 
of aspirin or one of the steroids, therefore, depends upon weighing 
the risk of the patient’s suffering permanent cardiac damage against 
the risk of having a serious reaction to the therapeutic agent. 

In patients with significant murmurs or pericarditis in which active 
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theumatic fever is obviously playing an important role, one of ti 
steroids is the drug of choice. 

In patients first examined more than two weeks after the onset of ai: 
attack of rheumatic fever in whom significant murmurs and pericardit: 
are absent the risk of carditis developing later in the attack is no! 
great, and, therefore, for such patients aspirin is the drug of choice. 

In patients without significant murmurs and pericarditis who are firs| 
examined within two weeks of onset of acute rheumatic fever the risk 
of heart disease developing later is still considerable. Therefore, if all 
precautions can be taken to keep the risk of infection and other serious 
reactions at a minimum, steroid therapy is preferable. However, if 
adequate precautions to prevent serious steroid effects cannot be taken, 
it probably is advisable to use aspirin. 


PREVENTION OF RHEUMATIC FEVER RECURRENCES 


The unique role of acute beta hemolytic streptococcal infection of 
the respiratory tract in the precipitation of rheumatic fever was first 
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Fig. 162. Clinical chart of a patient in whom a rapidly fatal recurrence of rheumatic 
fever followed a hemolytic streptococcal infection. This episode was observed at the 
House of the Good Samaritan prior to the discovery of penicillin. Note presence of 
positive throat cultures and rise in antistreptolysin-O titer. 


clearly demonstrated in 1931 by Coburn.? Since 1931 it has become 
evident that the streptococcal infections which occur most commonly 
in human beings and which are responsible for rheumatic fever are 
caused by the group A variety of Streptococcus. The relationship: of 
theumatic fever to antecedent streptococcal infection is illustrated ‘by 
the clinical chart shown in Figure 162. 
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With the discovery in 1935 of the bacteriostatic action of the sul- 
fonamides and, a little later, the introduction into medicine of peni- 
cillin and other antibiotics the relationship of rheumatic fever to 
streptococcal infection provided a rationale for the application of these 
antimicrobial agents to the important problem of preventing rheu- 
matic fever and rheumatic heart disease.® 

Rheumatic fever is a repetitive disease in which each new episode 
may increase the degree of cardiac damage. Most deaths from rheu- 
matic heart disease, especially those in children and young adults, are 
traceable directly to recurrences of rheumatic fever, the mortality from 
first attacks being relatively low. Therefore the problem of rheumatic 
fever prevention can be divided into two phases: one is concerned with 
the prevention of initial attacks; the other involves the prevention of 
recurrences of the disease. 

Because of limitation of space, the remainder of this discussion will 
be devoted to the use of penicillin for the prevention of rheumatic 
fever recurrences. Consideration will first be given to the choice between 
two metheds of applying penicillin to this problem—one method 
involving the continuous or daily administration of the antibiotic in 
relatively small dosage, and the other method involving the ad- 
ministration of penicillin in therapeutic dosage at the time of strepto- 
coccal infection. Then the prophylactic method utilizing continuous 


or daily penicillin will be illustrated by a brief summary of a controlled 
study that has been in progress at the House of the Good Samaritan 
during the past four years. 


Choice of Methods of Applying Penicillin to the Problem of Preventing 
Rheumatic Fever Recurrences 


Penicillin can be used in two ways for the prevention of rheumatic 
fever.*: > One method depends upon the prevention of beta hemolytic 
streptococcal infection by continuous or daily administration of rela- 
tively small amounts of the antibiotic. The other method involves 
early diagnosis and prompt treatment of beta hemolytic streptococcal 
respiratory infection with relatively large amounts of penicillin. 

Although the method of adequately treating group A streptococcal 
infections with penicillin greatly reduces the risk of rheumatic fever,*: 
'. 6,9 almost half of streptococcal infections sufficiently invasive of the 
respiratory tract tissues to cause rheumatic fever are entirely asympto- 
matic (subclinical) or are so mild that they are not readily recognized. 
Thus in a study of 58 definite recurrences observed at the House of the 
Good Samaritan between 1939 and 1945 we found that in 13 instances 
the antecedent streptococcal infection responsible for the attack was 
subclinical and was detected only by laboratory tests, and that in 13 
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other instances the infection was accompanied by fever without sym; 
toms and signs referable to the respiratory tract.? Details of the clinic: 
characteristics of the infections that caused these 58 recurrences a 
presented in Table 30. 

Since many streptococcal infections cannot be recognized and, ther: 
fore, are not subject to penicillin therapy, the method of preventin 
theumatic fever by penicillin treatment of streptococcal infection 
not sufficiently reliable for persons who have had previous rheumati 
fever. This method of prevention has its greatest limitation in children 
with rheumatic heart disease, who appear to be especially vulnerablc 
to recurrences of rheumatic fever.’ 


TABLE . Characteristics of Infections Which Preceded 58 Definite Recu 
rences of Rheumatic Fever: Ward Patients during 6-Year Period 1939- 
1945 


ANTECEDENT EVENT PER CENT 





Acute tonsillitis and/or pharyngitis. 
Cervical adenitis or otitis media. 

Head cold (coryza) 

“Unexplained” fever 

Asymptomatic (subclinical) beta hemolytic 
streptococcal infection. 





Total rheumatic fever recurrences 


Because of the foregoing considerations it would seem that the best 
method of using penicillin for the prevention of rheumatic fever recut- 
rences would be one in which the antibiotic is given daily or continu- 
ously so as to prevent streptococcal infection of the respiratory tract 
from developing even though the patient is exposed to the beta hemo- 
lytic Streptococcus. 


Summery of a Controlled Study on the Penicillin Prevention of 
Streptococcal Infections in Rheumatic Fever Subjects 


Daily administration of several oral preparations of penicillin* ° 
and periodic intramuscular injection of benzathine penicillin'! are 
methods for the prevention of streptococcal infection and rheumatic 
fever that have become widely accepted. Nevertheless controlled data 
providing precise information about their effectiveness are limited, 
and those data that are available have come largely from military train- 
ing stations. 

For this reason a study was set up at the House of the Good Samari- 
tan in September, 1953, for the purpose of augmenting our knowledge 
of the effectiveness of penicillin for the prevention of streptococcal 
infection and rheumatic fever recurrences in a civilian population and 





BENEDICT F. MASSELL 1155 


for comparing the relative value of various prophylactic penicillin 
regimens. ® In this study the incidence of streptococcal respiratory 
infection among a group of ambulatory rheumatic children, who were 
given daily oral buffered penicillin G, oral penicillin V or periodic 
intramuscular benzathine penicillin G, was compared with the inci- 
dence among their brothers and sisters, who were not given such 
prophylactic treatment. The common environment of the rheumatic 
children and their siblings made the latter ideal control subjects for 


raBLE 3¥. Comparison of Rheumatic Fever Subjects Given Prophylactic Penicillin 
' with Control Groups of Siblings 
PERIOD OF STUDY TOTAL FOR 
ALL 
REGIMENS 





9/1/53- 12/1/54- 7/1/56- 9/1/53- 
6/30/56 6/30/57 6/30/57 6/30/57 





Rheumatic Fever Subjects 





55¢ 
4170 





Sibling Control Groups 





Primary siblings: 


Person-weeks 
Secondary siblings: 


Person-weeks 





Total sibling controls: 


Person-weeks 








* Buffered oral penicillin G. 
} Intramuscular benzathine penicillin G. 
t Oral penicillin V. 


the purpose of measuring the influence of penicillin on the incidence 
of streptococcal infection. The clinical material utilized in this study is 
summarized in Table 31. 

The results of the study are summarized in Table 32. Note that group 
A streptococcal infections can be defined or classified according to 
their clinical characteristics and the laboratory evidence for group A 
streptococcal infection. Although we have analyzed our data to corre- 
spond to a variety of classifications of streptococcal infection, it is 
sufficient for the purpose of this discussion to focus our attention 
on just two particular classifications. These are symptomatic (clinical) 
group A streptococcal infections and asymptomatic (subclinical) strep- 
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tococcal infections. The former, as the name indicates, are infectic:.s 
accompanied by fever, sore throat or other clinical manifestations, \s 
well as by laboratory evidence of group A streptococcal infection. T)ie 
latter are infections indicated by the development of a positive thro:it 
culture for group A streptococci and/or a significant increase in thie 
antistreptolysin-O titer, but without accompanying clinical manifest. 
tions of illness. 

From the data summarized in Table 32 it is evident that the intra 
muscular benzathine penicillin regimen caused a high reduction in 
rate of both symptomatic (clinical) and asymptomatic (subclinical | 
streptococcal infection (the percentage reductions being 91 per cent 


TABLE 32) Comparison of Reductions in Rate of Group A Streptococcal Infection 
Effected by 3 Different Prophylactic Penicillin Regimens 
CLASSIFICATION OF GROUP A PERCENTAGE OF REDUCTION IN INFECTION RATE 
STREPTOCOCCAL INFECTION 


* 


INTRAMUSCULAR ORAL ORAL BUF- 
BENZATHINE PENICILLIN V FERED 
PENICILLIN G PENICILLIN G 





Symptomatic ¢ 83 
Asymptomatic f ; 64 
Total ¢ 72 
Infections with both positive 
group A culture and increase 
in antistreptolysin-O titer{......... 89 
All infections with increase 
in antistreptolysin-O titer}... 91 64 


73 


48 





* Rate is number of infections per 1000 person-weeks of observation. 

t Group A infection indicated by positive throat culture for group A streptococci 
or increase in antistreptolysin-O titer, or both. 

t Classified on basis of laboratory findings irrespective of presence or absence of 
clinical manifestations. 


and 86 per cent). The regimens utilizing the two oral preparations also 
caused a high reduction rate of symptomatic streptococcal infection 
(91 per cent and 83 per cent), but not so great a reduction of asympto- 
matic group A streptococcal infection (49 per cent and 64 per cent). 
Note also that this controlled study is concerned chiefly with the 
prevention of group A streptococcal infection, whereas the ultimate 
objective of prophylaxis is the prevention of rheumatic fever recur- 
rences. In the course of the present study there were only two definite 
recurrences, both in patients receiving oral buffered penicillin G. These 
recurrences give an annual attack rate of 1.6 per cent for the oral 
buffered penicillin G regimens and a rate of only 0.81 per cent when 
the data for all three regimens were combined. Although the study 
does not provide controlled data so far as rheumatic fever recurrences 
are concerned, previous experience suggests that the recurrence figures 





BENEDICT F. MASSELL 1157 


of 0.81 to 1.6 per cent are low. Thus, prior to the availability of anti- 
microbial drugs, the annual recurrence rate observed among patients 
at the House of the Good Samaritan during the first five years follow- 
ing their discharge from the hospital averaged 19 per cent.’ 

This brief report of our findings to date suggests that all three pro- 
phylactic penicillin regimens are effective in reducing the risk of group 
A streptococcal infections and recurrences of rheumatic fever, but 
that, on the whole, the regimen of intramuscular benzathine penicillin 
G is more effective than the regimens utilizing oral penicillin V and 
oral buffered penicillin G. 

In evaluating these results, attention should be given to the fact that 
the differences in streptococcal infection rates observed with the three 
prophylactic regimens could be related either to differences in concen- 
trations of penicillin attainable in the tissue of the respiratory tract or 
to differences in degree of patient adherence to the prescribed regi- 
mens. The methods utilizing oral buffered penicillin G and oral peni- 
cillin V both necessitate a high degree of patient cooperation. The 
method of giving benzathine penicillin G by intramuscular injection 
also depends on patients cooperating to the extent of returning every 
four weeks for routine injections. However, when patients fail to adhere 
to the prescribed program, this fact is known, whereas with oral pro- 
phylaxis there is no accurate way of determining failure to cooperate. 

Finally, in weighing the advantages and disadvantages of the three 
prophylactic regimens, consideration must also be given to the prob- 
lem of reactions. Oral buffered penicillin G or oral penicillin V was 
given over a total of 8624 person-weeks (equivalent to about 200 person- 
years). Both oral preparations were extremely well tolerated, and in 
not a single instance was any allergic or other untoward reaction 
encountered. Intramuscular injections of benzathine penicillin G in 
a dose of 1.2 million units every four weeks were given to 55 rheumatic 
subjects over a total observation period of 4170 person-weeks (equiva- 
lent to about 97 person-years). Although many of the patients for 
whom this method of prophylaxis was used preferred it to oral pro- 
phylaxis because it did not necessitate their remembering to take 
medication twice daily, in 15 patients pain and other reactions made 
the method unacceptable and required its discontinuation (because 
of severe subjective pain in 10 patients, local objective reactions in 
three patients, and urticaria in two patients). 


Summary 


In summary, the relationship of rheumatic fever to antecedent group 
A streptococcal infection provides a rationale for the application of 
penicillin and other antimicrobial agents to the problem of prevention. 
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Since streptococcal infections often are either subclinical or produce 
such mild clinical manifestations that they may be overlooked, tlic 
problem of preventing rheumatic fever recurrences with penicillin is 
best approached by methods that involve giving penicillin daily or 
continuously. The effectiveness of these methods for preventing rhcu- 
matic fever is dependent on their effectiveness in preventing strepto- 
coccal infection. 

Controlled studies, now in progress at the House of the Good 
Samaritan, indicate that prophylactic regimens utilizing oral buffered 
penicillin G, oral penicillin V and intramuscular benzathine peni- 
cillin G are all effective, though to a varying degree, in preventing 
group A streptococcal respiratory infection. Even more important is 
the fact that rheumatic fever recurrence rates among rheumatic sub- 
jects treated with these regimens appear to be considerably less than 
those observed in the preantibiotic era. 

The extent to which group A streptococcal infection rates are re- 
duced by oral buffered penicillin G and oral penicillin V varies some- 
what with the way streptococcal infection is defined or classified, but 
the percentage reduction is consistently high with the intramuscular 
benzathine penicillin regimen irrespective of definition. This advantage 
of the intramuscular benzathine penicillin regimen is offset to some 
extent by the frequent occurrence of pain at the site of injection and 
the occasional development of other reactions. 

In any given case the selection of the prophylactic regimen must be 
individualized and must take into account not only the somewhat 
greater effectiveness of the intramuscular benzathine penicillin regimen, 
but also other factors such as patient cooperation, tolerance for pain, 
and cost. 
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Adrenals, insufficiency, acute, effect on al- 
dosterone production, 1958: May, 411 
medulla, 1957: Nov., 968 
tumor of, causing precocity and Cush- 
ing’s syndrome, 1957: Nov., 881 
sexual precocity due to, 1958: Feb., 
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Airway. See Respiratory tract. 
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Albright’s syndrome. See Polyostotic fibrous 
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Albumin in anemia of hemorrhage, 1957: 
May, 375 

Alder anomaly, genetics, 1957: May, 340 

Aldosterone, 1957: Nov., 889, 967 
clinical aspects, 1958: May, 404-11 


deficiency, isolated, 1958: May, 410, 
411 

effect on electrolyte metabolism, 1958: 
May, 399-400 


excretion, urinary, mechanisms involved 
in, 1958: May, 400-404 
in adrenal extracts and body fluids, 1958: 
May, 397-8 
in experimental and clinical medicine, 
1958: May, 397-416 
metabolism, 1958: May, 398-9 
production, overproduction, clinical con- 
ditions associated with, 1958: May, 
404-10 
underproduction, clinical conditions 
associated with, 1958: May, 410-11 
secretion, 1958: May, 398-9 
mechanisms involved in, 1958: May, 
400-404 
Aldosteronism, due to adrenal adenoma or 
hyperplasia, 1958: May, 404-406 
primary, dwarfism due to, 1957: Nov., 
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anaphylactic reactions to antibiotics, 
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1956: Aug., 662 
diseases associated with development of, 
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extrinsic, 1958: Aug., 733 
hypersensitivity syndromes, 1956: Aug., 
771 


in croup, 1957: Feb., 172 

intrinsic, 1958: Aug., 733 

prevention, 1957: Aug., 597 

problems, in upper respiratory tract, 
1957: Feb., 285-91 

relation to ear, 1957: Feb., 288 

respiratory. See Respiratory tract, aller- 
gic problems. 

role in aplastic anemia, 
474 

stress and, 1958: Aug., 732-3 

uveitis due to, 1958: Feb., 181 

Almay Tar Bath in atopic dermatitis, 1956: 
Aug., 616, 620 


1957: May, 


Alopecia areata, 1956: Aug., 642-8 
trichotillomania and, psychocutaneous 
factors in, 1956: Aug., 639-48 
Aluminum acetate, in acne vulgaris, 1956 


Aug., 728 

in atopic dermatitis, 1956: Aug., 615, 
616 

in bacterial infections of skin, 1956 
Aug., 514 


in candidiasis, 1956: Aug., 764 
in contact dermatitis, 1956: Aug., 659, 
765 
in eczematous dermatitis, 1956: Aug., 
756 
in seborrheic dermatitis, 1956: Auzg., 
748 
Aluminum subacetate in contact dermatitis, 
1956: Aug., 659 
Alveolar abscess. See Periapical infection. 
Alveoli, dysplasia, congenital, 1957: Feb., 
93 


ridges in newborn, 1956: Nov., 848 
Ambivalence of parents towards brain- 

damaged child, 1957: Nov., 1039 
Amblyopia. See under Blindness. 
Amebiasis, 1956: Feb., 170-76; May, 414 

extraintestinal, 1956: Feb., 175 
Amebiasis cutis, 1956: Feb., 176 
Ameboma, 1956: Feb., 175 
Ameloblastoma. See under Tumors. 
Amelogenesis imperfecta, 1956: Nov., 866, 

946 
Amenorrhea, emotional problems due to, 

1958: Aug., 793 
Amethopterin, 1957: May, 516 

in acute leukemia, 1957: May, 519 
Amines, catechol, 1957: Nov., 968 
Amino acid, aromatic, excretion of, in 

pathogenesis of schizophrenia, 1958: 


Aug., 706-7 
in urine, 1958: May, 366 
chromatographic analysis, 1958: 
May, 365 


Aminoaciduria, and acidosis, rickets with, 
1958: May, 436 
rickets with, 1958: May, 434-5 
4-Amino-N-methyl pteroylglutamic 
See Amethopterin. 
Aminophylline, in asthma, 1957: Feb., 296 
in heart failure, 1958: Nov., 1134, 1135 
in status asthmaticus, 1957: Feb., 300 
Aminopterin, 1957: May, 516 
hydrocephalus due to, 1957: Nov., 986 
4-Amino-pteroylglutamic acid. See Ami- 
nopterin. 
Ammonia 
diaper. 
Ammonium chloride, 
1958: Feb., 61 
in heart failure, 1958: Nov., 1135 
Amniotic fluid, intrauterine aspiration, 1957: 
Feb., 33 
Amphetamine, for 1958: 
Aug., 768 
in behavior disorders, 1958: Aug., 586-8 
toxicity, 1958: Aug., 590 


acid. 


dermatitis. See Dermatitis, 


in dysmenorrhea, 


masturbation, 
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Amphetamine sulfate in behavior problems 
due to brain damage, 1957: Nov., 1057 
Amphotericin in candidiasis, 1958: Aug., 
812, 813 
Amyotonia congenita vs. cerebral palsy, 
1957: Nov., 1010 
Analeptics in ulcerative colitis, 1956: Feb., 
157 
Analgesia. See Analgesics; Anesthesia. 
Analgesics, in nasopharyngeal infections, 
1957: Feb., 156 
regional, in proctologic surgery, 1956: 
Feb., 63 
Anaphylaxis. See Allergy. 
Anatomy, variational, of colon, 1956: Feb., 
3 
Androgens, excess, in intersexuality, 1957: 
Nov., 921 
methyltestosterone, as gonadal substitu- 
tion therapy, 1957: Nov., 844 
as growth stimulant in short immature 
boys, long-term experiences, 1957: 
Nov., 819-25 
in pseudohermaphroditism, 1958: May, 
391 
testosterone, effect on breast develop- 
ment, 1958: Feb., 64, 65 
in hermaphroditism, 1958: May, 391 
tests for, 1957: Nov., 969 
Androsterone, 1957: Nov., 893 
Anemia(s), acute, blood transfusions in, 
1957: May, 558 
aplastic, 1957: May, 445, 446 
acute, vs. acute leukemia, 1957: May, 
506 
congenital, 1957: May, 379-80 
chronic. See Erythroblastopenia, 
chronic. 
familial, genetics, 1957: May, 339 
history, 1957: May, 445 
idiopathic, 1957: May, 471-6 
immune. See Erythroblastopenia, im- 
mune type. 
in renal failure, 1957: May, 463 
pure. See Erythroblastopenia, chronic. 
vs. fetal hemorrhage, 1957: May, 378 
aregenerative, congenital, chronic. See 
Erythroblastopenia, chronic. 
caused by infections and toxins, idio- 
pathic aplastic anemia and anemia 
caused by renal disease, 1957: May, 
469-80 
chronic, blood transfusions in, 
May, 556 
hemoglobin values in, 1957: May, 557 
Cooley’s. See Thalassemia. 
differential diagnosis, 1957: May, 349 
due to blood loss, laboratory tests, 1958: 
May, 355-6 
due to congenital spherocytosis, 1957: 
May, 348 
due to deficiency in antipernicious anemia 
factors. See Anemia(s), megaloblastic. 
due to hemolytic disease, 1957: May, 348 
due to hemorrhage, 1957: May, 348, 
371-6 


1957: 
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Anemia(s), due to impaired red cell pro- 
duction, laboratory tests, 1958: May, 
353-5 

due to infection, 1957: May, 469-71 
laboratory tests, 1958: May, 354 
due to leukemia, 1957: May, 348 
due to renal disease, 1957: May, 478-9 
laboratory tests, 1958: May, 354, 355 
due to sepsis, 1957: May, 380 
due to sickle cell disease, 1957: May, 
348 
due to syphilis, 1957: May, 380 
due to thalassemia, 1957: May, 348 
due to toxins, 1957: May, 471-8 
due to twin-to-twin transfusion, 1957: 
May, 381 
during pregnancy, in etiology of epilepsy, 
1957: Nov., 1065 
etiology, 1957: May, 350, 351 
hemolytic, acquired, diagnosis, 
May, 353 
acute, 1957: May, 476-8 
due to drugs, 1957: May, 477 
auto-immune, 1957: May, 429-44 
congenital, vs. ABO hemolytic disease, 
1957: May, 426 
diagnosis, 1957: May, 353 
familial, congenital, 1957: May, 348 
diagnosis, 1957: May, 354 
genetics, 1957: May, 338 
in acute erythroblastopenia, 1957: 
May, 452 
vs. ABO hemolytic disease, 1957: 
May, 426 
vs. auto-immune hemolytic dis- 
ease, 1957: May, 437 
general considerations, 1957: May, 430 
immune, pathogenesis of, 1957: May, 
459 
nonspherocytic, 
1957: May, 339 
vs. anemia of hemorrhage, 1957: May, 


1957: 


familial, genetics, 


376 
hypochromic, microcytic, diagnosis, 
1957: May, 352 
hypoferric. See Anemia(s), iron defi- 


ciency. 
hypoplastic. See Anemia(s), aplastic. 
in ABO hemolytic disease, 1957: May, 
417 
iron deficiency, 1957: May, 481-96 
diagnosis, 1957: May, 352 
laboratory tests, 1958: May, 354 
laboratory tests, 1958: May, 353-7 
Lederer’s, 1957: May, 477 
macrocytic, diagnosis, 1957: May, 352 
Mediterranean. See Thalassemia. 
megaloblastic, diagnosis, 1957: May, 353 
laboratory tests, 1958: May, 355 
microcytic, hypochromic, laboratory 
tests, 1958: May, 353, 354 
sex-linked, genetics, 1957: May, 339 
nonhemolytic, in newborn, 1957: May, 
371-82 
normochromic, normocytic, 
1957: May, 353 


diagnosis, 








1168 


Anemia(s), nutritional, due to feeding dis- 
turbances, 1956: Nov., 1062 
of blood destruction, laboratory tests, 
1958: May, 356-7 
of prematurity, 1957: May, 381 
of underproduction, diagnosis, 
May, 354 
pseudoaplastic, 1957: May, 452 
immune, 1957: May, 460 
red cell, hypoplastic or pure. See Eryth- 
roblastopenia, chronic. 
sickle cell, genetics, 1957: May, 335 
treatment, 1957: May, 349, 350 
Anencephaly, 1957: Feb., 75 
genetic counselling in, 1958: May, 476-7 
Anesthesia, during pregnancy, in etiology 
of epilepsy, 1957: Nov., 1065 
for endoscopy, 1956: Feb., 20 
for proctology, 1956: Feb., 53-66 
agents, 1956: Feb., 60 
induction, 1956: Feb., 59 
postoperative management, 1956: Feb., 
64 


1957: 


preanesthetic medication, 1956: Feb., 
58 

preoperative preparation, 1956: Feb., 
56 


provision for minimal resistance to 
breathing, 1956: Feb., 56 
techniques, 1956: Feb., 60 
in harelip and cleft palate repair, 1956: 
Nov., 1032 
in labor, in etiology of epilepsy, 1957: 
Nov., 1067, 1068 
local, for mouth injuries, 1956: Nov., 907 
Angiocardiography. See under Cardiovas- 
cular system. 
Angio-elephantiasis. See Angioma, cavern- 
ous, under Tumors. 
Angioma. See under Tumors. 
Anhidrosis. See under Sweat glands, ab- 
normalities. 
Anhydrohydroxyprogesterone, in endome- 
trial hyperplasia, 1958: Feb., 58 
in hermaphroditism, 1958: May, 391 
in pseudohermaphroditism, 1958: May, 
391 
Anomalies. See Abnormalities; and also 
under specific organs and regions. 
Anorectum. See also Anus; Rectum. 
bleeding from, 1956: Feb., 16 
disease, 1956: Feb., 113-25 
excretions, 1956: Feb., 16 
pain in, 1956: Feb., 16 
protrusion through, 1596: Feb., 15 
Anorexia. See under Appetite, disorders. 
Anoscope, 1956: Feb., 19 
Anoxia. See Oxygen, deficiency. 
Antepar. See Piperazine hexahydrate. 
Antibiotics. See also specific antibiotics, as 
Penicillin, etc. 
absorption, gastrointestinal, after oral 
administration, 1956: May, 449 
administration, routes of, 1956: May, 
450 





INDEX TO VOLUMES 3, 4 AND 5 (1956, 1957 AND 1958) 


Antibiotics, and chemotherapeutic agents, 
therapeutic dosages and routes of ad 
ministration, 1956: May, 452, 453, 454 

bacterial resistance to, 1956: May, 34¢ 

bacterial susceptibility to, 1956: May 
448 

broad-spectrum, antagonism to penicillin 
1956: May, 269 

choice of, 1956: May, 448 

combinations, 1956: May, 450 
administration, routes of, 1956: May 

455 
commercially available, 1956: May, 455 
dosages, 1956: May, 448 


and routes of administration, 1956 
May, 447-56 
effects, given to mother prenatally, 1958 
May, 275 


on candidiasis, 1956: Aug., 576 

failure, 1956: May, 451 

in acne vulgaris, 1956: Aug., 731 

in atopic dermatitis, 1956: Aug., 620 

in cellulitis, 7956: May, 272 

in diarrhea, 1956: Feb., 149 

in diphtheria contacts, prophylactic, 
1956: May, 275 

in epilepsy, 1957: Nov., 1088 

in heart failure, 1958: Nov., 1138 

in furunculosis, 1956: May, 272 

in infections, localized, 1956: May, 229 
resistant, 1956: May, 349 

in mastoiditis, 1956: May, 273 

in meningitis, 1956: May, 274 

in mouth injuries, 1956: Nov., 908 

in neonatal infections, 1958: May, 297-8 

in otitis media, 1956: May, 273 

in soft tissue abscess, 1956: May, 272 

in streptococcal infection, 1957: Feb., 
147 

in ulcerative colitis, 1956: Feb., 158 


_ 


in Waterhouse-Friderichsen syndrome, 
1956: May, 275 
infections resistant to, management, 


1956: May, 348 

mechanism of action, current knowledge 
of, 1956: May, 223-34 

neurotoxocity, 1956: May, 441 

prophylactic use, 1956: May, 451 

reactions, accidental, 1956: May, 442 
allergic, 1956: May, 439 
anaphylactic, 1956: May, 440 
miscellaneous, 1956: May, 443 
systemic, 1956: May, 440 

research, 1956: May, 451 

systemic, 1956: May, 224 

therapy, relation to hormonal therapy, 
1956: May, 231 

toxicology, 1956: May, 439-45 

vitamin deficiency due to, 1956: May, 
443 

Antibodies. See also Agglutinins. 

anti-A, 1957: May, 410 

anti-B, 1957: May, 410 

immune, 1957: May, 411, 412, 413 

Kell, 7957: May, 329 
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Antibodies, removal by exchange transfu- 
sion, 1957: May, 384 
transplacental transfer, 1958: May, 291 
Anticoagulants. See Blood, coagulation. 
Anticonvulsants in nasopharyngeal infec- 
tions, 1957: Feb., 157 
Antihemophilic globulin, 1957: May, 531, 
532 
deficiency, 1957: May, 342. See also 
Hemophilia. 
in classic hemophilia, 1957: May, 535 
Antihistaminics in nasopharyngeal infec- 
tions, 1957: Feb., 161 
Antimicrobials. See also Antibiotics. 
aplastic anemia due to, 1957: May, 472, 
473, 474 
clinically useful, in resistant infections, 
1956: May, 349 
combinations, 1956: May, 345-52 
in bronchopulmonary diseases, 
Feb., 236, 238 
in cardiovascular infections, 1956: May, 


1957: 


in gastrointestinal tract infections, 1956: 
May, 407-26 
in genitourinary tract infections, 1956: 
May, 369-76 
in nasopharyngeal infections, 1957: Feb., 
165 
synthetic, applied pharmacology, 1956: 
May, 235-57 
therapy, and diagnosis, in infections of 
respiratory tract, 1956: May, 353-67 
symposium on, 1956: May, 221-456 
Antipyretics in nasopharyngeal infections, 
1957: Feb., 156 
Antiserum. See under Blood, serum. 
Antispasmodics in ulcerative colitis, 1956: 
Feb., 157 
Antitoxin in diphtheritic croup, 1957: Feb., 
180 
Anuria. See Urine, suppression. 
Anus. See also Anorectum; Hemorrhoids; 
Rectum. 
abnormalities, types, 1956: Feb., 67 
abscess, 1956: Feb., 122-4 
atresia, roentgen examination, 1956: Feb., 
29 
care of, in erythema multiforme, 1956: 
Aug., 778 
fissure, 1956: Feb., 119-22 
fistula, 1956: Feb., 122 
imperforate, and associated anomalies, 
1956: Feb. 67-77 
in erythema multiforme, 1956: Aug., 774 
stenosis, congenital, 1956: Feb., 67 
Anxiety. See also Stress. 
eating problems due to, 1958: Aug., 603, 
604 
in behavioral syndrome with brain dam- 
age, 1958: Aug., 694-6 
in brain-damaged children with behavior 
problems, 1957: Nov., 1052 
separation, 1/958: Aug., 648 
sources, in adolescents, 
777-8 


1958: Aug., 
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Aorta, coarctation, auscultation, 1/958: 
Nov., 986 
diagnosis, 1958: Nov., 984-7 
electrocardiogram in, 1958: Nov., 885 
in newborn, 1958: Nov., 1093 
treatment, 1958: Nov., 1096 
physical signs, 1958: Nov., 985-7 
symptoms, 1958: Nov., 985 
dextroposition, cine-angiocardiograms in, 
1958: Nov., 973-4 
transposition. See Heart, great vessels, 
transposition. 

Aortic arch, atresia, 1958: Nov., 1040-43 
autopsy findings, 1958: Nov., 1042 
clinical manifestations, 1958: Nov., 

1041-2 
diagnosis, 1958: Nov., 1042 
incidence, 1958: Nov., 1041 
pathophysiology, 1958: Nov., 1040 
41 


prognosis, 1958: Nov., 1042-3 
treatment, 1958: Nov., 1042-3 
hypoplasia, 1958: Nov., 1043-53 
autopsy findings, 1958: Nov., 1052 
clinical manifestations, 1958: Nov., 
1045-9 
differential diagnosis, 
1049-51 
pathophysiology, 1958: Nov., 1043-5 
prognosis, 1958: Nov., 1051-2 
treatment, 1958: Nov., 1053 
Aortic pulmonary window, cine-angiocardi- 
ograms in, 1958: Nov., 959-61 
Aortic valve, atresia, 1958: Nov., 1032-5 
autopsy findings, 1958: Nov., 1034-5 
clinical manifestations, 1958: Nov., 
1033-4 
diagnosis, 1958: Nov., 1035 
incidence, 1958: Nov., 1033 
pathophysiology, 1958: Nov., 1032-3 
prognosis, 1958: Nov., 1035 
treatment, 1958: Nov., 1035 
stenosis, congenital, critical, 
Nov., 988 
diagnosis, 1958: Nov., 987-8 
electrocardiogram in, 1958: Nov., 
886 
physical signs, 1958: Nov., 987 
symptoms, 1958: Nov., 987 
Aorto-pulmonary septal defect, diagnosis, 
1958: Nov., 998 
APC virus. See Adenovirus. 
Apgar rating of newborn, 1958: May, 265 
Aphthae, Bednar’s. See Ulcers, pterygoid. 
Apical abscess vs. salivary gland infection, 
1956: Nov., 942 
Aplasia of erythropoiesis, 1957: May, 445- 
68 


1958: Nov., 


1958: 


Aplastic crisis, 1957: May, 448. See also 
Erythroblastopenia, acute. 
Apnea in newborn, 1957: Feb., 21 
cerebral palsy due to, 1957: Nov., 
1000 
incidence, 1957: Nov., 1001 
Appendix, ruptured, vs. peritonitis, primary, 
1958: Feb., 98, 99 
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Appetite, disorders, anorexia, 1958: Aug., 
596, 793 
physiologic, in infancy, 1956: Nov., 
1055 


treatment, 1958: Aug., 607f. 
anorexia nervosa, 1958: Aug. 566, 604 
due to feeding disturbances, 1956: 
Nov., 1062 
pica, psychopathology of, 1956: Nov., 
1064 


regulation of, 1957: Nov., 950 
significance of food and, 1956: Nov., 


1055 
ARD virus. See Adenovirus. 
Arrhenoblastoma, maternal, masculiniza- 


tion due to, 1957: Nov., 919 
Arrhythmia, in cardiac catheterization, 
1958: Nov., 939-40 
in newborn, 1958: Nov., 1094-5 
Arterenol in pathogenesis of schizophrenia, 
1958: Aug., 706 
Arteries. See also Blood vessels; Veins. 
cannulation, in cardiac catheterization, 
1958: Nov., 911-12 
coronary, calcification of, 1958: Nov., 


1079-80 
diagnosis, 1958: Nov., 1059, 1060 
left, anomalous, 1/958: Nov., 1060, 
1072-6 
clinical manifestations, 1958: 
Nov., 1073 


physiology, 1958: Nov., 1073-4 
treatment, surgical, 1958: Nov., 
1075-6 
hypertrophy, medial, in idiopathic pul- 
monary hypertension, 1958: May, 346 
pulmonary, arising from left coronary 
artery. See Arteries, coronary, left, 


anomalous. 
transposition. See Heart, great vessels, 
transposition. 
Arteriovenous fistula, pulmonary, 1957: 
Feb., 94 


Arteritis. See also Endarteritis. 
necrotizing, in idiopathic pulmonary hy- 
pertension, 1958: May, 347, 348 
Arthritis. See also Reiter’s syndrome. 
rheumatoid, juvenile, uveitis due to, 1958: 
Feb., 179-80 
malocclusion due to, 1956: Nov., 972 
vs. acute leukemia, 1957: May, 505 
Arthropods, bites, reaction to, mechanism 
of, 1956: Aug., 625 
eating of, 1956: Aug., 635 
identification, 1956: Aug., 626 
Ascites. See also Liver, cirrhosis. 
cirrhosis with, 1958: May, 407 
Asphyxia pallida, 1957: Feb., 21 
vs. anemia of hemorrhage, 1957: May, 
375 
Aspiration, bronchoscopic, in broncho- 
pulmonary disease, 1957: Feb., 240 
Aspiration pneumonia. See under Pneu- 
monia. 
Aspiration syndrome of postmatures, roent- 
gen diagnosis, 1957: Feb., 33 
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Aspirin. See Acetylsalicylic acid. 
Asthenia, anhidrotic, tropical, 1956: Aug., 
795 
emotional. See Cataplexy. 
Asthma, allergy and, 1958: Aug., 733-5 
behavior problems in, 1958: Aug., 738 
43 
bronchial, 1957: Feb., 293-312 
inheritance, 1958: Aug., 735 
physiology, 1958: Aug., 733-5 
psychological aspects, 1958: Aug., 731- 
7 


status asthmaticus, 1957: Feb., 299 
treatment, accessory, 1957: Feb., 
303 
hormone, 1957: Feb., 304 
treatment, 1958: Aug., 743-6 
Astigmatism, 1957: Aug., 670 
Atarax. See Hydroxyzine. 
Ataxia in cerebral palsy, 1957: Nov., 1008 
Atelectasis. See Lungs, collapse. 
Athlete’s foot. See Tinea pedis. 
Atmosphere control in prophylaxis of com- 
mon cold, 1957: Feb., 110 
Atrial; Atrium. See under Heart. 
Atrioventricular. See under Heart. 
Atrophy, optic, 1957: Aug., 676 
Atropine, in emblyopia, 1958: Feb., 232 
in chemical burns of eyes, 1958: Feb., 
223 
Auditory rehabilitation, 1957: Aug., 693 
Aura, epileptic, 1957: Nov., 1073 
Aureomycin. See Chlortetracycline. 
Auscultation of heart, 1958: Nov., 839-70. 
See also Heart. 
Autism, infantile, early, 1957: Aug., 736; 
1958: May, 495-6, Aug., 701, 711- 


3% 
vs. mental retardation, 1958: Aug., 

670 
Automobiles, accidents, deaths due to, 


1957: Aug., 639 

Autonomic nervous system. See under 
Nervous system. 

Aviation, high altitude, in etiology of epi- 
lepsy, 1957: Nov., 1064 

Axilla, glands, palpable, 1958: Feb., 68 

Azacyclonol in behavior disorders, 1958: 
Aug., 582 


BACcITRACIN, 1956: May, 340 
absorption, 1956: May, 341 
administration, 1956: May, 342 

routes of, 1956: May, 453, 454, 455 

antimicrobial activity, 1956: May, 340 
applied pharmacology, 1956: May, 340-43 
clinical use, 1956: May, 342 
distribution, 1956: May, 341 
dosage, 1956: May, 342, 453, 454 
excretion, 1956: May, 341 
in amebiasis, 1956: May, 415 
in infections, 1956: May, 343 
in pulmonary infections, 1956: May, 364 
in shigellosis, 1956: May, 336 
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Bacitracin, polymyxin and neomycin, ap- 
plied pharmacology, 1956: May, 329- 
44 


preoperative use, 1956: May, 339, 343 
toxicity, 1956: May, 341 
Bacteremia, in newborn, diagnosis, 1958: 
May, 293 
vs. acute leukemia, 1957: May, 506 
Bacteria, culture, in proctologic examina- 
tion, 1956: Feb., 25 
dependence on streptomycin, 1956: May, 
289 
diarrhea due to, 1956: Feb., 143 
nonsusceptible, overgrowth due to anti- 
biotics, 1956: May, 442 
pathogenetic, of respiratory tract of new- 
born, 1957: Feb., 69-72 
resistance, to antibiotics, 1956: May, 346 
to erythromycin, 1956: May, 313 
to penicillin, 1956: May, 269 
to streptomycin, 1956: May, 288 
skin infections due to, 1956: Aug., 499- 
519 
susceptibility to antibiotics, 1956: May, 
448 
to drugs used 
May, 386 
Bacteriological examination in bronchopul- 
monary disease, 1957: Feb., 233 
Bacteriology in erythema multiforme, 1956: 
Aug., 776 
Balantidiasis, 1956: Feb., 176-7 
Banthine. See Methantheline. 
Barbiturates. See also Phenobarbital. 
in proctologic anesthesia, 1956: Feb., 61 
Barium study of colon. See under Colon. 
Barium sulfate in colon studies, 1956: Feb., 
30 
Bartholin’s glands in 
Feb., 10-11 
Basophils, normal values, 1957: May, 367 
Baths, colloidal, in contact dermatitis, 1956: 
Aug., 659 
in atopic dermatitis, 1956: Aug., 616 
sponge, in nasopharyngeal infections, 
1957: Feb., 157 
Batten-Mayou’s disease, macular degenera- 
tion due to, 1958: Feb., 199, 200 
BCG vaccination. See Tuberculosis, im- 
munization, BCG. 
Bednar’s aphthae. See Ulcers, pterygoid. 
Bee stings, 1956: Aug., 631 
Behavior. See also Personality. 
destructive, 1958: Aug., 569-70 
deviant, in adolescent girls, 1958: Aug., 
796-7 
disorders, drug therapy, 1958: Aug., 573- 
94 


in meningitis, 1956: 


immaturity, 1958: 


symposium on, 1958: Aug., 559-801 
treatment, general principles, 1958: 
Aug., 570-72 
office management, 1958: Aug., 561- 
72 
feeding, 


disturbances in, 1956: Nov., 
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Behavior, problems, due to brain damage, 
1957: Nov., 1071 
in adolescence, 1958: Aug., 775-87. 
See also Adolescence. 
in asthma, 1958: Aug., 738-43 
in infantile hypothyroidism, 
Nov., 870 
in obesity, 1958: Aug., 613-27 
with brain damage, characteristics and 
management of children with, 
1957: Nov., 1049-60 
characteristic behavior, 
Nov., 1050 
rebellious, 1958: Aug., 569 
sadistic, 1958: Aug., 569-70 
variability in, with brain damage, 1957: 
Nov., 1051 
Behavioral syndrome with brain damage, 
1958: Aug., 687-98 
kinetic pattern, general, 
Aug., 688-90 
motor patterns, delay in acquisi- 
tion of, 1958: Aug., 691- 
3 


1957: 


1957: 


1958: 


primitive, retention of, 1958: 


Aug., 690-91 
motor performance, 1958: Aug., 
688-92 
muscle tone changes, 1958: Aug., 


692 
perception in, 1958: Aug., 692-4 
auditory, 1958: Aug., 693-4 
kinesthetic, 1958: Aug., 693 
olfactory, 1958: Aug., 694 
tactile, 1958: Aug., 693 
visual, 1958: Aug., 693 
Behcet’s syndrome, 1956: Aug., 781 
Benactyzine, toxicity, 1958: Aug., 589 
Benadryl. See Diphenylhydramine. 
Benzalkonium, in atopic dermatitis, 1956: 
Aug., 615, 616 
in oral thrush, 1956: Nov., 878 
Benzathine penicillin G, absorption, 1956: 
May, 262 
chemistry, 1956: May, 260 
in prevention of rheumatic fever re- 
currences, 1958: Nov., 1157 
parenteral administration, 
May, 268 
Benzedrine. See Amphetamine. 
Benzene hexachloride. See Cyclohexane. 
Bicillin. See Benzathine penicillin G. 
Bile ducts. See also Liver. 
atresia, total, 1957: Aug., 769-80 
Biliary tract. See also Bile ducts; Liver. 
atresia, liver function test, 1958: May, 
364 
Bilirubin. See also under Blood. 
exchange, 1957: May, 392 
Biopsy, endometrial, in genital infantilism, 
1957: Nov., 837 
in skin lesions, 1956: Aug., 823 
proctologic, 1956: Feb., 23 
renal, 1958: May, 367 


1956: 
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Biopsy, skin, as test of chromosomal sex, 
1957: Nov., 920; 1958: May, 377 
testicular, in genital infantilism, 1957: 
Nov., 835 
Birth. See also Labor; Newborn. 
breathing time at, relation to cerebral 
palsy, 1957: Nov., 997 
condition at, relation to cerebral palsy, 
1957: Nov., 997 
injuries, calcified adrenals due to, 1957: 
Nov., 896 
cerebral palsy due to, 1957: Nov., 
1006 
oral, in newborn, 1956: Nov., 853 
weight, hebdomadal deaths according to, 
1957: Feb., 19 
Bismuth glycolylarsanilate in amebiasis, 
1956: Feb., 174 
Bite reaction, mechanism of, 1956: Aug., 


Blastomycosis, European. See Cryptococ- 
cosis. 
North American, 1956: Aug., 580-81 
Bleeding. See Hemorrhage. 
Bleeding time in vascular hemophilia, 1957: 
May, 539 
Blight, intersexuality due to, 1957: Nov., 
905 
Blindness. See also Vision, defective. 
amblyopia, 1957: Aug., 668; 1958: Feb., 
156, 157, 232 
due to cataract, 1958: Feb., 170 
Blister. See also Epidermolysis bullosa. 
fever. See Herpes simplex. 
Bloch-Sulzberger syndrome. See Incontin- 
entia pigmenti. 
Blood, arterial, chemical changes in first 4 
days, 1957: Feb., 10, 11 
temporal, oxygen and hematocrit val- 
ues, average, 1957: Feb., 11 
bank. See under Blood, transfusion. 
bilirubin, hyperbilirubinemia, prevention 
of, 1957: Aug., 606 
levels, in ABO hemolytic disease, 1957: 
May, 419 
in first 4 days, 1957: May, 393 
removal by exchange transfusion, 
1957: May, 384 
buffer systems, 1957: Feb., 7 
calcium, hypercalcemia, disorders caus- 
ing, 1957: Nov., 973 
idiopathic, dwarfism due to, 1957: 
Nov., 944 
hypocalcemia, disorders causing, 1957: 
Nov., 973 
cells. See also Erythrocytes; Leukocytes; 
etc. 
count, in recurrent parotitis, 1/956: 
Nov., 939 
genetics, 1957: May, 329 
chemical deviations in respiratory dis- 
orders of immediate postnatal period, 
1957: Feb., 3-16 
chemistry, 1958: May, 367-8 
circulation, overloading by exchange 
transfusion, 1957: May, 385 


Blood, coagulation. See also Blood, pri 


thrombin; Hemophilia. 
anticoagulants, circulating, 1957: May 
545 
genetic control, 1957: May, 341 
Hageman factor, 1957: May, 542 
laboratory tests, 1958: May, 358 
mechanism, normal, 1957: May, 531 
destruction, anemia of, laboratory tests 
1958: May, 356-7 
disorders. See also specific dyscrasias, a 
Agranulocytosis; Anemia; Leukemia 
etc. 
diagnostic principles, 1957: May, 347- 
56 


due to antibiotics, 1956: May, 441 
laboratory tests, 1958: May, 359 
symposium on, 1957: May, 323-562 
fibrinogen, afibrinogenemia, congenital 
1957: May, 545 
genetics, 1957: May, 343 
flow, in cardiac catheterization, 1958 
Nov., 925-6 
galactosemia, 1957: Nov., 1025 
congenital, genetics of, 1957: May, 
338 
dwarfism due to, 1957: Nov., 943 
genetics, 1957: May, 325-46 
glucose. See Blood, sugar. 
groups, ABO, 1957: May, 331 
marriages and children in, 1/957: 
May, 332 
blood bank transfusions and, /957: 
May, 553 
findings, in ABO hemolytic disease, 
1957: May, 419 
incompatibilities, erythroblastosis due 
to, 1957: May, 398 
Kell-Cellano, 1957: May, 329 
rare, erythroblastosis due to, /957: 
May, 397 
Rh factor, 1957: May, 331 
incompatibility, deafness due to, 
1957: Aug., 684 
prevention of erythroblastosis 
due to, 1958: May, 275-6 
Rh iso-immunization, cerebral palsy 
due to, 1957: Nov., 999 
Rh system, 1957: May, 331 
immunological techniques, 1958: May, 
368 
immunology, 1958: May, 367-8 
in ABO hemolytic disease, 1957: May, 
418 
in auto-immune 
1957: May, 433 
in idiopathic pulmonary hypertension, 
1958: May, 341-2 
17-ketosteroids in, 1957: Nov., 967 
lipids, hyperlipemia, familial, idiopathic, 
1956: Aug., 814 
loss of. See Hemorrhage. 
oxygen capacity, in cardiac catheteriza- 
tion, 1958: Nov., 920-24 
increase in, by exchange transfusion, 
1957: May, 384 


hemolytic anemias, 
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Blood, oxygen content, in cardiac catheteri- 
zation, 1958: Nov., 920-24 
oxygen saturation, in cardiac catheteriza- 
tion, 1958: Nov., 920-24 
plasma, administration in classic hemo- 
philia, 1957: May, 536 
in erythema multiforme, 1956: Aug., 
777 
in transfusions, 1957: May, 561 
plasma thromboplastin precursors in, 
1957: May, 541 
prothrombin complex factors in, 1957: 


May, 544 
volume, normal values, 1957: May, 
365 


platelets, count, in erythema multiforme, 
1956: Aug., 775 
genetics, 1957: May, 340 
in auto-immune hemolytic anemias, 
1957: May, 434 
normal values, 1957: May, 368 
preparations, in transfusions, 1957: 
May, 560 
thrombocytes, values, birth to 12 years, 
1957: May, 358 
potassium, hypokalemia, in status asth- 
maticus, 1957: Feb., 302 
pressure, high, 1958: May, 408, 409 
in etiology of epilepsy, 1957: Nov., 
1065 
low, during cardiac catheterization, 
1958: Nov., 940 
in etiology of epilepsy, 1957: Nov., 
1065 
measurements, in cardiac catheteriza- 
tion, 1958: Nov., 930-34 
proteins. See also Gamma globulin. 
serum, in erythema multiforme, 1956: 
Aug., 775 
prothrombin complex, 1957: May, 532, 
542 
deficiencies in, 1957: May, 542-4 
congenital, 1957: May, 543 
factors, in plasma and serum, 1957: 
May, 544 
prothrombin consumption test, 1957: 
May, 534 


reactions, to chloramphenicol, 1956: 


May, 322 
sedimentation rate, in erythema multi- 
forme, 1956: Aug., 775 
proctologic examination, 1956: Feb., 
26 


serum, antiserum, in whooping cough, 
1957: Feb., 279, 281 
chemistry, 1958: May, 367-8 
cholesterol, 1957: Nov., 972 
convalescent, in mumps orchitis, 1956: 
Nov., 937 
in prevention of mumps, 1956: Nov., 


enzymes, 1958: May, 367-8 

heterophile antibody absorption test, 
in infectious mononucleosis, 1957: 
Feb., 131 


Blood serum, immunological techniques, 


1958: May, 368 
immunology, 1958: May, 367-8 
maternal, tests, in ABO hemolytic dis- 
ease, 1957: May, 421 
plasma thromboplastin precursors in, 
1957: May, 541 
proteins, genetics of, 1957: May, 341 
prothrombin complex factors in, 1957: 
May, 544 
shunts, in cardiac catheterization, 1958: 
Nov., 925-6 
left-to-right, in cardiac catheterization, 
1958: Nov., 927-9 
right-to-left, in cardiac catheterization, 
1958: Nov., 927 
studies, in infectious mononucleosis, 
1957: Feb., 130, 131 , 
sugar, 1958: May, 367. See also Diabetes 
mellitus. 
fasting, 1957: Nov., 974 
prolonged, 1957: Nov., 976 
hyperglycemia, in diabetes mellitus, 
1957: Nov., 805 
hypoglycemia, idiopathic, 1957: Nov., 


1025-6 
test, after prolonged fasting, 1957: 
Nov., 976 
swallowed, rectal bleeding due to, 1956: 
Feb., 209 


tests, in proctologic examination, 1956: 
Feb., 25 
laboratory, 1958: May, 353-8 
toxic effects of folic acid antagonists on, 
1957: May, 519 
transfusion, 1957: May, 551-62 
blood banks, procedures, 1957: May, 
551 
cross-matching, 1957: May, 554 
dangers, 1957: May, 551 
exchange, circulatory, 1957: May, 389 
effects, 1957: May, 384 
in ABO hemolytic disease, 1957: 
May, 423, 424, 425 
in erythroblastosis, 1957: May, 383- 
403 


in iso-immunization, 1957: Aug., 607 
indications for, 1957: May, 388 

in anemia, acute, 1957: May, 558 

in anemia, chronic, 1957: May, 556 

in anemia of hemorrhage, 1957: May, 
374 

in auto-immune hemolytic disease, 
1957: May, 436, 437 

in cleft lip and palate repair, 1956: 
Nov., 1030 

in diarrhea, 1956: Feb., 147 

in hemophilia, classic, 1957: May, 
536 

in hemorrhage, acute, 1957: May, 
558 

in hemorrhage, protracted, 1957: May, 
559 

in iron deficiency anemia, 1957: May, 
495 





1174 


Blood, transfusion, in plasma thrombo- 
plastin antecedent deficiency, 1957: 
May, 541 

in plasma thromboplastin component 
deficiency, 1957: May, 540 

in prothrombin complex deficiencies, 
1957: May, 544 

maximal, 1957: May, 555 

selective, 1957: May, 559 

twin-to-twin, anemia due to, 
May, 381 

volume, 1957: May, 555 

transport of carbon dioxide, 1957: Feb., 
6 


1957: 


umbilical, chemical values, average, 1957: 
Feb., 9 
values, normal, 1957: May, 349, 357- 
69 
venous return from rectum, 1956: Feb., 
8 
volume. See also Blood, circulation. 
central, in cardiac catheterization, 
1958: Nov., 929 
normal values, 1957: May, 365 
regulation by exchange transfusion, 
1957: May, 384 
Blood vessels. See also Arteries; Cardio- 
vascular system; Veins. 
abnormalities, in atopic dermatitis, 
1956: Aug., 602 
in newborn, 1957: Feb., 65 
thoracic, normal, in newborn, roent- 
gen findings, 1957: Feb., 30 
Body, constitution, factor in constipation, 
1958: Aug., 750 
in atopic dermatitis, 1956: Aug., 601 
fluids. See under Fluids. 
stature, adult, prediction of, 1957: Nov., 
2 
decreased, with primary ovarian in- 
sufficiency. See Gonads, dysgenesis. 
Boeck’s sarcoidosis. See under Sarcoidosis. 
Bohn’s pearls, in newborn, 1956: Nov., 
848 
Boil. See Furuncle. 
Bone conduction testing, 1957: Aug., 681 
Bone marrow. See also Osteomyelitis. 
in infectious mononucleosis, 1957: 
Feb., 128 
Bones. See also Cranium; 
Spine; and specific bones. 
diseases, dwarfism due to, 1957: Nov., 
940-42 
fibrous dysplasia, of jaw, 1956: Nov., 
895 
tuberculosis, 1956: May, 436; 1957: Aug., 


Orthopedic; 


Bordet-Gengou medium for bacteriological 
culture in whooping cough, 1957: Feb., 
277 

Boric acid, in acne vulgaris, 1956: Aug., 
728 

Boston exanthem, 1958: May, 308 

Bowels. See Intestines. 

Brachial paralysis, in newborn, 1957: Aug., 
652 
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Brain. See also Cranium; Meninges; Ner 
vous system. 
cerebrum, disease, reading disabilities 
due to, 1958: May, 515 
sexual precocity due to, in boys, 
1957: Nov., 881-2 
in girls, 1957: Nov., 885 
dominance, reading disabilities due to, 
1958: May, 516-17 
injury of, due to water and electrolyte 
disturbances, 1957: Nov., 1028-9 
damage, behavior problems due to, 1957 
Nov., 1071 
diffuse, vs. schizophrenia, 1958: May, 
505, 506 
due to congenital anomalies, 1957 
Nov., 1023-8 
due to congenital heart disease, 1957: 
Nov., 1031 
epilepsy due, to, 1957: Nov., 1062 
postnatal, 1957: Nov., 1069 
symposium on, 1957: Nov., 981-1092 
with behavioral syndrome, 1958: Aug., 
687-98. See also Behavioral syn- 
drome. 
with behavior problems, characteristics 
and management of children with, 
1957: Nov., 1049-60. See also Be- 
havior problems. 
disease. See also Epilepsy. 
postnatal, doctor’s responsibility in 
prevention of, 1957: Nov., 1013- 
32 
electroencephalography, in behavior 
problems with brain damage, 1957: 
Nov., 1055 
in cerebral palsy, 1957: Nov., 1009 
fetal, encephalography, 1958: May, 271 
injury, paralysis due to, in newborn, 
1956: Nov., 853 
malformations, congenital, cerebral palsy 
due to, 1957: Nov., 998 
pneumoencephalography, in 
palsy, 1957: Nov., 1010 
surgery, lobotomy, in _ schizophrenia, 
1958: May, 508 
Branchial cleft cyst, 1957: Feb., 76 
Breast, abscess, 1958: Feb., 70 
anatomy, 1958: Feb., 64-5 
anomalies, 1958: Feb., 65-70 
development, failure of, 1958: Feb., 66 
premature, 1957: Nov., 886 
engorgement, 1958: Feb., 69, 70 
fibrosis, subareolar, 1958: Feb., 67, 68 
hypertrophy, in adolescence, 1958: Feb., 


cerebral 


’ 


precocious, 1958: Feb., 65, 81-2 
immature, 1958: Feb., 63-70 
injury, 1958: Feb., 70 
lumps in, 1958: Feb., 67 
nipples, discharges from, 1958: Feb., 68 
pain in, 1958: Feb., 65 
pendulous, 1958: Feb., 67 
physiology, 1958: Feb., 64-5 
supernumerary, 1958: Feb., 69 
tenderness of, 1958: Feb., 65 
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Breathing. See Respiration. 
Bromides in epilepsy, 1957: Nov., 1082, 
1085 
Bronchial cyst. See Lungs, cyst, solitary. 
Bronchiolitis, 1957: Feb., 183-91 
acute, in newborn, roentgen diagnosis, 
1957: Feb., 38 
infectious, vs. croup, 1957: Feb., 176 
Bronchitis, asthmatic or capillary, acute. 
See Bronchiolitis. 
Bronchobiliary fistula, 
Feb., 85 
Bronchodilators in bronchopulmonary dis- 
ease, 1957: Feb., 239 
Bronchogenic cyst. See Lungs, cyst, solitary. 
Bronchopleural fistula, congenital, 1957: 
Feb., 85 
Bronchopulmonary suppurative disease, 
1957: Feb., 231-41. See also under Lungs, 
diseases. 
Bronchoscopy, in bronchopulmonary dis- 
ease, 1957: Feb., 233 
in tuberculosis, 1957: Feb., 267 
Bronkophrene. See Ethylnorepinephrine. 
Bronchus, cleansing of, mechanical aids, 
1957: Feb., 240 
compression, 1957: Feb., 81 
intrapulmonary, abnormalities, 
Feb., 85-95 
major, abnormalities, 1957: Feb., 80-81 
stenosis, 1957: Feb., 81 
web, 1957: Feb., 81 
Brucellosis, ocular 
Aug., 673 
uveitis due to, 1958: Feb., 180 
Bruxism, 1956: Nov., 1067 
Buccal smear for chromosomal sex analy- 
sis, 1957: Nov., 920 
Buffer systems in blood, 1957: Feb., 7 
Burns, deaths due to, 1957: Aug., 639 
ocular, 1958: Feb., 222-3. See also under 
Eyes. 
of mouth and oropharynx, 1956: Nov., 
913-15. See also under Mouth. 
Burow’s solution. See Aluminum acetate. 
Butanol-extractable iodine. See under 
Iodine. 


congenital, 1957: 


1957: 


involvement, 1957: 


C virus. See Coxsackie virus. 
Calamine lotion in atopic dermatitis, 1956: 
Aug., 615, 617 
Calciferol in rickets, 1958: May, 430 
Caicification of coronary arteries. See under 
Arteries, coronary. 
Calcium, dental caries and, 1956: Nov., 959 
depletion, due to defective handling of 
ions by renal tubes, 1958: May, 438 
Calcium gluconate in exchange transfusion, 
1957: May, 391 
Calcium lactate in osteodystrophy due to 
renal insufficiency, 1958: May, 427 
Calculi. See also under Kidneys; Salivary 
gland. 
dental, 1956: Nov., 947 
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California disease. See Coccidioidomycosis. 
Callus, sucking, in newborn, 1956: Nov., 
847 
Calories, 

956 
expenditure, 1957: Nov., 956 
regulation, 1957: Nov., 950 
relative, 1957: Nov., 951 
Cancer. See under organ or region affected. 
Candidiasis, 1956: May, 417, Aug., 573-8 
cutaneous, 1956: Aug., 574; 1958: Aug., 
806 
intertriginous, 1956: Aug., 574 
latent, 1958: Aug., 805 
clinical developments, 1958: Aug., 808 
nail plate involvement, 1956: Aug., 575 
neonatal, 1958: Aug., 803-15 
correlation with maternal candidiasis, 
1958: Aug., 810 
types, 1958: Aug., 804-6 
oral, 1956: Aug., 573, Nov., 877-8 
in newborn, 1956: Nov., 851 
diagnosis, 1958: May, 293 
incidence, 1958: Aug., 804 
systemic, 1596: Aug., 574 
treatment, 1956: Aug., 763 
vaginal, as source of neonatal candidiasis, 
1958: Aug., 809 
vs. atopic dermatitis, 1956: Aug., 609 
vs. diaper dermatitis, 7956: Aug., 762 
Captodiamine in behavior disorders, 1958: 
Aug., 585 
Carbohydrates. See also Glucose. 
absorption, in malabsorption syndrome, 
1958: May, 363-4 
in diet in diabetes mellitus, 1957: Nov., 
812 
Carbomycin, 1956: May, 313 
administration, routes of, 1956: May, 453, 
455 
dosage, 1956: May, 453 
in bronchopulmonary disease, 1957: Feb., 
Carbon dioxide, elimination, during anes- 
thesia, 1956: Feb., 56 
in respiration, 1957: Feb., 4 
solid, in acne vulgaris, 1956: Aug., 
729 
tension, and hypoxia, increased, 1957: 
Feb., 
decreased, 1957: Feb., 14 
increased, in respiration, 1957: Feb., 


amounts needed, 1957: Nov., 


4 
transport, in blood, 1957: Feb., 6 
Carbuncle, classification, 1956: Aug., 509 

treatment, 1956: Aug., 516 
Carbutamide. See under Sulfonylureas. 
Carcinoma. See under specific organs and 

regions. 
Cardiac. See also Heart. 

index, 1958: Nov., 926 

Cardiology, clinical profile, 1958: Nov., 
981-1098 

diagnosis, tools of, 1958: Nov., 839-979 

symposium on, 1958: Nov., 835-1159 

treatment, 1958: Nov., 1099-1159 
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Cardiomegaly. See Heart, hypertrophy. 
Cardiorespiratory system in erythema multi- 
forme, 1956: Aug., 775 
Cardiospasm. See under Stomach. 
Cardiovascular system. See also Arteries; 
Blood vessels; Heart; Veins. 
angiocardiography, 1958: May, 343 
cine-angiocardiography, 1958: Nov., 
945-79 
clinical applications, 1958: Nov.., 
953-76 
complications, 1958: Nov., 976 
9 


equipment, 1958: Nov., 947-50 
limitations, 1958: Nov., 976-9 
risks, 1958: Nov., 976-9 
selection of patients, 1958: Nov., 
945-7 
technique, 1958: Nov., 950-53 
in Fallot’s tetralogy, 1958: Nov., 
1003 
selective, 1958: Nov., 929-30 
examination, 1957: Aug., 657 
infections, antimicrobial therapy, 1956: 
May, 399-406 
Carey Coombs murmur, 
865 
Caries, dental. See Teeth, caries. 
Castration. See Sterilization, sexual. 
Cataplexy, 1958: Aug., 642 
Cataract, as complication of atopic derma- 
titis, 1956: Aug., 613 
congenital, 1957: Aug., 674; 1958: Feb., 
169-72 
hereditary, 1958: Feb., 169 
types, morphologic, 1958: Feb., 170 
lamellar, 1958: Feb., 170 
pyramidal, 1958: Feb., 170 
traumatic, 1958: Feb., 215-16 
Catechol amines, 1957: Nov., 968 
Cathartics. See Enema. 
Catheterization, cardiac, 1958: Nov., 907- 
43. See also under Heart. 
Cathocin. See Novobiocin. 
Cathomycin. See Novobiocin. 
Cat scratch disease, 1956: Aug., 550-51 
salivary gland swelling due to, 1956: 
Nov., 941 
Cauterization, iodine, in corneal abrasion, 
1958: Feb., 211 
Cebocephaly, 1957: Feb., 75 
Cecum, 1956: Feb., 3 
lymphatic drainage, 1956: Feb., 7 
Ceepryn, as mouth wash in erythema multi- 
forme, 1956: Aug., 778 
in herpes simplex, 1956: Aug., 536 
Celiac disease, dwarfism due to, 1957: Nov., 
942 
Cells. See also Blood, cells; Lymphocytes. 
morphology, nuclear, sex determination 
from, 1957: Nov., 833 
Cellular defense mechanisms of fetus, 1958: 
May, 274 
Cellulitis vs. mumps, 1956: Nov., 936 
Celomic cyst. See Pericardial cyst. 
Celontin. See Methsuximide. 


1958: Nov., 
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Cerebral. See also Brain. 
edema, recognition and management, 
1956: May, 393 
palsy. See Paralysis, cerebral. 
Cerebrospinal fluid, in central nervous sys- 
tem disease, 1956: May, 380 
in infectious mononucleosis, 
Feb., 132 
in meningitis, purulent, 1957: Nov., 
1015 
in meningitis, tuberculous, 1957: Nov., 
1018 
in meningitis, viral, 1957: Nov., 1020 
Cerebrospinal puncture in cerebral palsy, 
1957: Nov., 1010 
Cerebrum. See under Brain. 
Ceruloplasmin in pathogenesis of schizo- 
phrenia, 1958: Aug., 706 
Cervix uteri. See Uterus, cervix. 
Chancre, sporotrichotic, 1956: Aug., 579 
Change, capacity for, in adolescents, ]958: 
Aug., 777 
Cheek, injuries, 1956: Nov., 911 
Chemical factors, handicaps due to, /957: 
Aug., 599 
in respiration, 1957: Feb., 4 
Chemical regulation of respiration in neo- 
natal period, 1957: Feb., 9 
Chemosurgery for warts, 1956: Aug., 525 
Chemotherapy in ulcerative colitis, 1956: 
Feb., 158 
Cherubism. See under Jaws, deformities. 
Chest. See Thorax. 
Chickenpox, 1956: Aug., 538-41 
oral manifestations, 1956: Nov., 880 
Chigger mite bites, 1956: Aug., 628 
Child, involvement in adoption, 1958: May, 
528-9 
Chloramphenicol, absorption, 1956: May, 
318 
administration, intramuscular, 1/956: May, 
320 
intravenous, 1956: May, 321 
oral, 1956: May, 319 
rectal, 1956: May, 320 
routes of, 1956: May, 319, 453, 455 
topical, 1956: May, 321 
antimicrobial activity, 1956: May, 324 
aplastic anemia due to, 1957: May, 472, 
473, 474 
applied pharmacology, 1956: May, 317- 
27 
blood dyscrasias due to, 1956: May, 441 
chemical properties, 1956: May, 317 
distribution, 1956: May, 318 
dosage, 1956: May, 319, 453 
excretion, 1956: May, 318 
in bronchopulmonary disease, 1957: Feb.., 
237, 238 
in epilepsy, 1957: Nov., 1088 
in gastrointestinal tract infections, 1956: 
May, 413 
in interstitial plasma _ cell 
1957: Feb., 211, 212 
in meningitis, 7956: May, 386 
in meningitis, purulent, 1957: Nov., 1016 


1957 


pneumonia, 
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Chloramphenicol, in nasopharyngeal infec- 

tions, 1957: Feb., 165 

in ornithosis, 1956: May, 361, 362 

in pneumonia in newborn, /958: May, 
294, 295 

in pulmonary infections, 1956: May, 364 

in rickettsial diseases, 1956: May, 361 

in staphylococcal pneumonia and empy- 
ema, 1957: Feb., 225 

in urogenital tract infections, 1956: May, 


in whooping cough, 1957: Feb., 281 
indications, 1956: May, 324 
mechanism of action, 1956: May, 227 
physical properties, 1956: May, 317 
reactions, untoward, 1956: May, 322 
Chlorides, salivary, in malabsorption syn- 
drome, 1958: May, 363 
sweat, in malabsorption syndrome, /958: 
May, 362-3 
Chloromycetin. See Chloramphenicol. 
Chloroquine in ‘amebiasis, 1956: Feb., 174 
Chlorothiazide in heart failure, 1958: Nov., 
1135-6 
Chlorpromazine, in behavior 
1958: Aug., 575-8 
due to brain damage, 1957: Nov., 
1057 
in cardiac catheterization, 
908 
toxicity, 1958: Aug., 589 
Chlorprophenpyridamine in erythema mul- 
tiforme, 1956: Aug., 778 
Chlortetracycline, absorption, 1956: May, 
297, 298, 299 
administration, 1956: May, 299 
routes of, 1956: May, 452, 455 
chemical differentiation, 1956: May, 297 
dosage, 1956: May, 299, 452 
excretion, 1956: May, 299 
in croup, 1957: Feb., 179 
in cystic fibrosis of pancreas, 1956: May, 
302 
in epilepsy, 1957: Nov., 1088 
in herpetic gingivostomatitis, 1956: Nov., 
857 
in interstitial plasma cell 
1957: Feb., 211, 212 
in urogenital tract infections, 1956: May, 


disorders, 


1958: Nov., 


pneumonia, 


mechanism of action, 1956: May, 228 
stability, 1956: May, 296 
toxicity, 1956: May, 300 
Chlor-trimeton. See Chlorprophenpyrida- 
mine. 
Choanae, atresia or stenosis, 1957: Feb., 75 
Cholesterol in blood. See Blood, cholesterol. 
Chondroectodermal dysplasia, 1957: Nov., 
940 
Chondroma. See under Tumors. 
Chonechondrosternon. See Thorax, funnel 
chest. 
Choriomeningitis, lymphocytic, 
1956: May, 357 
vs. aseptic meningitis, 1958: May, 318 


diagnosis, 


1177 
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Chorionic gonadotropin test in genital in- 
fantilism, 1957: Nov., 836 
Chorioretinitis. See Uveitis, posterior. 
Choroiditis, 1958: Feb., 173 
Christmas disease. See Plasma thrombo- 
plastin component deficiency. 
Christmas factor. See Plasma 
plastin component. 
Chromatin, sex, relation to sex chromo- 
somes, 1958: May, 377-80 
Chromosomal sex. See under Sex. 
Chromosomes, 1957: May, 325 
crossing-over, 1957: May, 326 
sex, analysis, 1957: Nov., 920 
relation to sex chromatin, 1958: May, 
377-80 
Cine-cardio-angiography. See Cine-angio- 
cardiography under Cardiovascular sys- 
tem, angiocardiography. 
Cirrhosis. See under Liver. 
Citrate, adverse effects in exchange transfu- 
sion, 1957: May, 385 
Citrovorum factor, 1957: May, 517 
Clinical advances, recent, symposium on, 
1958: May, 257-543 
Clitoris in immaturity, 1958: Feb., 6-8 
Clothing, contact dermatitis due to, 1956: 
Aug., 655 
atopic dermatitis, 1956: Aug., 615 
Clubfoot. See under Foot. 
CMTZ powder in contact dermatitis, 1956: 
Aug., 660 
Coagulation. See under Blood. 
Coarctation of aorta. See under Aorta. 
Cobalt, enhancement of penicillin efficiency, 
1956: May, 226 
Cocaine, in corneal abrasion, 1958: Feb., 
211 
in examination of genitals, 1958: Feb., 


thrombo- 


Coccidioidal granuloma. See Coccidioido- 
mycosis. 

Coccidioidomycosis, 1956: Aug., 582-4 
diagnosis, 1956: May, 358 
relation to erythema nodosum, 

Aug., 783 
treatment, 1956: May, 365 

Codeine, preoperative, in cleft palate repair, 
1956: Nov., 1032 

Cold, therapeutic use, 1/958: Nov., 1099- 

1107 

clinical experience, 1958: Nov., 1105 

in cardiac surgery, 1958: Nov., 
1102-4 

in general surgery, 1958: Nov., 1101- 
2 

in warts, 1956: Aug., 524 

oxygen uptake, 1958: Nov., 1100 

rewarming, 1958: Nov., 1105 

spontaneous cooling, 1/958: Nov., 
1101 

spontaneous warming, 1958: Nov., 
1100-1101 

tolerance to, 
1100 


1956: 


1958: Nov., 1099 
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Colds. See also Throat, sore. 
common, 1957: Feb., 103-13 
diagnosis, 1956: May, 355 
vaccines, 1957: Feb., 110 
Colic, in cerebral palsy, 1957: Nov., 1035, 
1036 
infantile, psychosomatic aspects, 1956: 
Feb., 198 
Colitis, rectal bleeding due to, 1956: Feb., 
212 


ulcerative, 1956: Feb., 153-67 
chronic, 1956: May, 421 
roentgen study, 1956: Feb., 47 
psychosomatic aspects, 1956: Feb., 204 
Colloids in urine. See under Urine. 
Colon. See also Cecum; Colitis. 
abnormalities, congenital, roentgen study, 
1956: Feb., 33-9 
obstructive, 1956: Feb., 79-91 
anatomy, variational, 1956: Feb., 3 
and rectum, anatomy, applied, 1956: 
Feb., 3-13 
neoplasms, 1956: Feb., 93-111 
atresia, and stenosis, 1956: Feb., 79-82 
roentgen study, 1956: Feb., 38 
barium study, 1956: Feb., 29 
barium mixtures, 1956: Feb., 30 
preparation, 1956: Feb., 30 
technique, 1956: Feb., 31 
duplication, roentgen findings, 
Feb., 38 
lymphatic drainage, 1956: Feb., 7 
malignancy, as indication for operation 
in ulcerative colitis, 1956: Feb., 161 
megacolon, 1956: Feb., 39-43, 87-90, 
134-6 
barium study, 1956: Feb., 31 
congenital, 1956: Feb., 39, 40, 87-90, 
134-6 
roentgen findings, 1956: Feb., 41 
psychogenic, vs. congenital megacolon, 
1956: Feb., 132 
roentgen examination, 1956: Feb., 28 
types, 1956: Feb., 39 
vs. constipation, 1958: Aug., 753 
nervous system, autonomic, 1956: Feb., 
9 
normal, roentgen study, 1956: Feb., 32 
obstruction, roentgen examination, 1956: 
Feb., 29 
perforation, roentgen examination, 1956: 
Feb., 29 
polyposis, 1956: Feb., 101-5 
as indication for operation in ulcera- 
tive colitis, 1956: Feb., 161 
polyps, 1956: Feb., 94 
relation of mesenteric cysts and retro- 
peritoneal hernia to, 1956: Feb., 5 
roentgenology, 1956: Feb., 27-52 
rotation, errors of, 1956: Feb., 33 
roentgen findings, 1956: Feb., 35 
first stage, 1956: Feb., 83 
malrotation and, 1956: Feb., 82-5 
mechanism of, 1956: Feb., 82 
reversed, 1956: Feb., 84 
second stage, 1956: Feb., 83 


1956: 
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Colon, rotation, third stage, 1956: Feb., 84 
pathologic conditions, 1956: Feb., 
85 


stenosis, 1956: Feb., 79-82 

stricture, as indication for operation in 
ulcerative colitis, 1956: Feb., 161 

tumors, polypoid, roentgen study, 1956: 

Feb., 43 
roentgen study, 1956: Feb., 46 
Community, awareness of behavior prob- 

lems due to brain damage, 1957: Nov., 
1058 

handicapped child and, 1957: Aug., 757- 
62 


programs for special education, 1957: 
Aug., 749 

pediatrician and, 1957: Aug., 756 

role in accident prevention, 1957: Aug., 


Compazine. See Prochlorperazine. 

Compenamine. See Penicillin G under Pen- 
icillin, preparations. 

Compensatory mechanisms in brain-dam- 
aged children with behavior problems, 
1957: Nov., 1053 

Complex, prothrombin. See Prothrombin 
complex, under Blood. 

Compound F. See Hydrocortisone. 

Conditioning tests of hearing, 1957: Aug., 
690 

Condyloma acuminatum, 1958: Feb., 38 

Conjunctiva, foreign bodies in, 1958: Feb., 

211-13 
subconjunctival hemorrhage, 1958: Feb., 
213-14 
Conjunctivitis, 1958: May, 304. See also 
Keratoconjunctivitis; Reiter's syn- 
drome. 
vs. pharyngoconjunctival 
Feb., 126 
Conn’s syndrome. See Aldosteronism. 
Constipation, 1956: Feb., 127-36; 1958: 
Aug., 749-57 
psychogenic, 1956: Feb., 128 
psychosomatic aspects, 1956: Feb., 199 
spastic, 1956: Feb., 132, 201 

Constitution, anatomic. See under Body. 

Contact dermatitis. See Dermatitis vene- 
nata. 

Contractures, muscular defects and, 1957: 
Aug., 703 

Contusions, ocular, 1958: Feb., 213-18 

fundus changes after, 1/958: Feb., 216- 
18 

Convulsions. See also Eclampsia; Epilepsy. 

epileptic, 1957: Nov., 1072 
precipitating factors, 1957: Nov., 1073 
in whooping cough, 1957: Feb., 275 

Cooley’s anemia. See Thalassemia. 

Coombs murmur, 1958: Nov., 865 

Coombs’ test in ABO hemolytic disease, 
1957: May, 414, 420 

Cornea, abrasion, 1958: Feb., 209-11 
conical, as complication of atopic derma- 

titis, 1956: Aug., 613 
foreign bodies in, 1958: Feb., 211-13 


fever, 1957: 
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Cortef. See Hydrocortisone. 
Corticoids. See under Adrenocortical prep- 
arations. 
Corticosteroids in urine. See under Urine. 
Corticotropin, 1957: Nov., 961 
Acthar Gel, in idiopathic hypoglycemia, 
1957: Nov., 1026 
effect on aldosterone secretion and ex- 
cretion, 1958: May, 401 
in idiopathic hypoglycemia, 1957: Nov., 
1026 
in leukemia, 1957: May, 513 
in status asthmaticus, 1957: Feb., 305 
Cortisol. See Hydrocortisone. 
Cortisone, in atopic dermatitis, 1956: Aug., 
621 
in congenital adrenocortical hyperplasia, 
1958: May, 392 
in precocious puberty, 1958: Feb., 90 
in rheumatic fever, 1958: Nov., 1150 
in tuberculous meningitis, 1956: May, 
435 
Cortril. See Hydrocortisone. 
Cosmetics, contact dermatitis due to, 1956: 
Aug., 655 
Cough. See also Whooping cough. 
treatment, in nasopharyngeal infections, 
1957: Feb., 160 
vs. whooping cough, 1957: Feb., 274 
Cough mixtures in asthma, 1957: Feb., 295 
Counselling, family, in muscular defects, 
1957: Aug., 706 
genetic, in common diseases, 1958: May, 
475-91 
Cover test for strabismus, 1957: Aug., 656, 
667 
Cowpox. See Vaccinia, under Smallpox, 
vaccination. 
Coxitis serosa. See Hip, synovitis, transient. 
Coxsackie virus, group A, 1957: Feb., 115, 
116 


infection, diagnosis, 1956: May, 356 
Cradle cap, 1956: Aug., 746 
treatment, 1956: Aug., 747 
Cramping, v iginal, in etiology of epilepsy, 
1957: Nov., 1064 
Craniopharyngioma, dwarfism due to, 1957: 
Nov., 929, 939 
treatment, 1957: Nov., 933 
Craniostenosis, 1958: Aug., 681 
Craniosynostosis, 1957: Nov., 1026-7 
Cranium. See also Brain. 
growth of, 1957: Aug., 655 
Cretinism, 1956: Aug., 821; 1957: Nov., 934 
congenital, 1957: Aug., 656 
endemic, vs. goitrous hypothyroidism, 
1957: Nov., 850 
goitrous. See Hypothyroidism, goitrous. 
sporadic. See Hypothyroidism. 
Cricoarytenoid joint, dislocation, 
Feb., 78 
Cricothyroid joint, dislocation, 1957: Feb., 
78 
Crises, 
acute. 
Crotamiton in scabies, 1956: Aug., 630 


1957: 


aplastic. See Erythroblastopenia, 
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Croup, diagnosis, 1956: May, 360 
diphtheritic, 1957: Feb., 170ff. 
Hemophilus influenzae, 1957: Feb., 170f. 
infectious, 1957: Feb., 169-82 

allergy in, 1957: Feb., 172 
nonbacterial. See Croup, virus. 
spasmodic, 1957: Feb., 175 
virus, 1957: Feb., 171ff. 

Crying as symptom of pelvic disease, 1958: 
Feb., 96 

Cryotherapy. See Cold, therapeutic use. 

Cryptitis, 1956: Feb., 119 

Cryptococcosis, 1956: Aug., 581-2 

Culdoscopy in diagnosis of pelvic diseases, 
1958: Feb., 96-7 

Culture in personality development, 1957: 
Aug., 733 

Cushing’s syndrome, due to adrenal tumor, 

1957: Nov., 881 
effect on aldosterone production, 1958: 
May, 410 

Cyanosis, during pregnancy, in etiology of 

epilepsy, 1957: Nov., 1065 
in newborn, 1957: Feb., 20; 1958: Nov., 

1087-9 
in transportation of great vessels, 1958: 

Nov., 1111 

Cyclitis, 1958: Feb., 173 

Cyclohexane in scabies, 1956: Aug., 630 

Cyclopia, 1957: Feb., 75 

Cyclopropane in proctologic anesthesia, 
1956: Feb., 59, 61 

Cystine storage disease with rickets, 1958: 
May, 436-7 

Cysts. See also under specific organ or 

region. 
dermoid, 1958: Feb., 104 
enteric. See Intestines, duplications. 
enterogenous. See Intestines, duplications. 
inclusion. See Intestines, duplications. 
mesenteric, relation to colon, 1956: Feb., 


5 
mesocolic, 1956: Feb., 5 
mucus, in newborn, 1956: Nov., 851 
retroperitoneal, 1956: Feb., 5 
thoracic. See Intestines, duplications. 
Cytomegalic inclusion disease, relation to 


pneumocystis pneumonia, 1958: 
May, 332 
roentgen diagnosis, 1957: Feb., 39 
uveitis due to, 1958: Feb., 183 
Cytomycosis, reticuloendothelial. See His- 


toplasmosis. 


Dacryrocystitis, 1957: Aug., 673 
Darling’s disease. See Histoplasmosis. 
Darrow’s solution in hypernatremia, 1957: 
Nov., 1028 
Dawdling, 1958: Aug., 566-7 
Deafness, causes, common, 1957: Aug., 683 
conductive, 1957: Aug., 680 
treatment, 1957: Aug., 692 
in cleft lip and cleft palate, 1956: Nov., 
1019 
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Deafness, perceptive, 1957: Aug., 680 
treatment, 1957: Aug., 693 
vs. schizophrenia, 1958: May, 505 
Death, accidental. See Accidents, fatal. 
causes, anatomical, in newborn, 1958: 
May, 261 
fear of, in adolescents, 1958: Aug., 784-5 
hebdomadal, according to birth weight 
and respiratory group, 1957: Feb., 19 
neonatal, due to infections, 1/958: May, 
290 
Defecation. See also Feces. 
infrequency, normal, in 
Feb., 127 
reflex, 1956: Feb., 128 
Deficiency, mental. See Mental deficiency. 
Deformities. See Abnormalities; Poliomye- 
litis; and under specific organs and re- 
gions. 
Degeneration 
Nov., 815 

Deglutition, 

1005 
tongue in, 1956: Nov., 921 
Dehydration, 1956: Feb., 57; 1958: May, 
408 
in dysmenorrhea, 1958: Feb., 61 
Dehydroepiandrosterone, 1957: Nov., 893 
Allen reaction for, 1957: Nov., 879, 894 

Delalutin. See Hydroxyprogesterone cap- 

roate. 

Delinquency, in brain-damaged children 
with behavior problems, 1957: Nov., 
1053 

juvenile, 1958: Aug., 759-66 
contributing factors, 1958: Aug., 759- 
62 
physician in prevention of, 1958: Aug., 
762-5 
prediction data, 1958: Aug., 763-5 
Delivery. See Labor. 
Dementia infantilis vs. schizophrenia, /958: 
May, 505 
Demerol. See Meperidine. 
Dental. See also Teeth. 
caries. See Teeth, caries. 
health in cleft palate, 1956: Nov., 1020 

Dentifrices, fluoride, 1956: Nov., 962 

Dentin, tooth. See under Teeth. 

Dentinogenesis imperfecta, 1956: Nov., 867 

Dentist, referral of children to, 1956: Nov., 

950, 954, 963 

Dentistry. See also Dentifrices; Jaws; Teeth. 

management problems in, 1957: Aug., 


infants, 1956: 


in diabetes mellitus, 1957: 


in cleft palate, 1956: Nov., 


Dentures. See Teeth, artificial. 
Dermabrasion. See Planing, therapeutic. 
Dermatitis, ammonia. See Dermatitis, dia- 
per. 
atopic. See under Neurodermatitis. 
cercarial, 1956: Aug., 633 
classification, 1956: Aug., 743 
clinical manifestations, 1956: Aug., 742 
contact. See Dermatitis venenata. 
diagnosis and management, 1956: Aug., 
741-57 
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Dermatitis, diaper, 1956: Aug., 656, 759- 
69 


treatment, 1956: Aug., 661, 766 
eczematoid, infectious, 1956: Aug., 755 
eczematous, 1956: Aug., 753-7 

classification, 1956: Aug., 745 
histopathology, 1956: Aug., 742 
poison ivy. See Rhus dermatitis. 
seborrheic. See Seborrhea. 
soap and water, 1956: Aug., 755 
terminology, 1956: Aug., 741 
winter, 1956: Aug., 755 

Dermatitis exfoliativa, classification, 1956: 
Aug., 506 
treatment, 1956: Aug., 515 
Dermatitis venenata, 1956: Aug., 649-64 

classification, 1956: Aug., 743 

desensitization, 1956: Aug., 662 

patch tests, 1956: Aug., 656 

evaluation, 1956: Aug., 658 
technique, 1956: Aug., 657 
prevention of contamination, 
Aug., 662 
vs. atopic dermatitis, 1956: Aug., 610, 
611, 612 
vs. diaper dermatitis, 1956: Aug., 765 
Dermatology. See also Skin and specific 
diseases. 
symposium on, 1956: Aug., 497-824 
Dermatomycosis. See Mycosis, cutaneous. 
Dermatomyositis, cutaneous manifestations, 
1956: Aug., 819 
Dermatophytids, 1956: Aug., 586 
Dermographism. See also Urticaria fac- 
titia. 
white, in atopic dermatitis, 1956: Aug.., 
602 
Dermoid cysts, 1957: Feb., 83; 1958: Feb., 
104 
infected, vs. 
Nov., 1020 
Desensitization. See under Allergy. 
Development. See also Growth. 
functional, of normal infant, 1957: 

1007 
history of, in cerebral palsy, 1957: 

1006 
level of, as factor in accidents, 

Aug., 640 

hazards at, 1957: Aug., 644 
normal, eating problems due to, 

Aug., 597 
progress in, 

1069 
psychologic, effect of neurologic dys- 

function on, 1957: Nov., 1034 

Dexedrine. See Dextro-amphetamine. 

Dexedrine sulfate. See Amphetamine sul- 
fate. 

Dextro-amphetamine in behavior disorders, 
1958: Aug., 586-8 

Dextro-amphetamine sulfate 
problems due to brain damage, 
Nov., 1057 

Dextrocardia. See under Heart, displace- 
ment. 


1956 


viral meningitis, 1957: 
Nov., 
Nov., 


1957: 


1958: 


in epilepsy, 1957: Nov., 


in behavior 
1957: 
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Diabetes mellitus, 1957: Nov., 803-17 
childhood, vs. adult diabetes, 
Nov., 804 
degeneration in, 1957: Nov., 815 
dwarfism due to, 1957: Nov., 942 
genetic counselling in, 1958: May, 
482-4 
infections in, 1957: Nov., 814 
maternal, handicaps due to, 
Aug., 600 
recreational activities in, 1957: Nov., 
814 
school activities in, 1957: Nov., 814 
Diagnosis, and antimicrobial therapy, in 
infections of respiratory tract, 1956: 
May, 353-67 
laboratory, in endocrinology, 1957: Nov., 
959-80 
Diagnostic principles in hematology, 1957: 
May, 347-56 
Diamox. See Acetazolamide. 
Diaparene. See Methyl benzethonium chlo- 
ride. 
Diaper dermatitis, 1956: Aug., 565, 759- 
69. See also Dermatitis, diaper. 
Diaper rash. See Dermatitis, diaper. 
Diaphragm, abnormalities, 1957: Feb., 95-6 
accessory. See Diaphragm, duplication, 
partial. 
duplication, partial, 1957: Feb., 96 
eventration, 1957: Feb., 95 
in newborn, roentgen diagnosis, 1957: 
Feb., 45 
hernia. See Hernia, diaphragmatic. 
paralysis, in newborn, roentgen diag- 
nosis, 1957: Feb., 45 
Diarrhea, 1956: Feb., 137-52, May, 408 
and stomatitis, of infants. See under 
Stomatitis. 
as symptom of polyp, 1956: Feb., 97 
epidemic, of newborn, 1956: Feb., 139 
paradoxical, 1958: Aug., 752 
psychosomatic aspects, 1956: Feb., 202 
viral, 1958: May, 308 
Diastema of teeth, 1957: Aug., 715 
Diatrizoate sodium in cine-angiocardiogra- 
phy, 1958: Nov., 952 
Dienestrol in dysmenorrhea, 


1957: 


1957: 


1958: Feb., 


Diet. See also Food; Nutrition. 

correction of, in dental caries, 
Nov., 958 

dental caries and, 1956: Nov., 955; 1957: 
Aug., 723 

during pregnancy, in etiology of epi- 
lepsy, 1957: Nov., 1064 

in constipation, 1958: Aug., 750-51 

in diabetes mellitus, 7957: Nov., 811 

in obesity, 1957: Nov., 956, 957 

in prevention of muscular defects, 1957: 
Aug., 702 

in ulcerative colitis, 1956: Feb., 157 

ketogenic, in epilepsy, 1957: Nov., 1083, 
1088 

low fat, in seborrheic dermatitis, 1956: 
Aug., 748 


1956: 
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Diet, role in iron deficiency anemia, 1957: 
May, 486 
Diethylstilbestrol, as gonadal substitution 
therapy, 1957: Nov., 844 
in acne vulgaris, 1956: Aug., 733 
in mumps orchitis, 1956: Nov., 937 
Digestive system. See Gastrointestinal tract; 
and under various organs involved. 
Digitalis, in heart failure, ]958: Nov., 1129- 
33 
administration, 1958: Nov., 1131 
indications, 1958: Nov., 1129 
in primary endomyocardial disease, 1958: 
Nov., 1061 
mechanisms of action, 1958: Nov., 1129- 
30 
preparations, 1958: Nov., 1130-31 
toxicity, 1958: Nov., 1132-3 
treatment, 1958: Nov., 1133 
Digoxin, absorption, 1958: Nov., 1131 
in heart failure, 1958: Nov., 1130, 1131 
administration, routes of, 1958: 
Nov., 1131 
Dihydrostreptomycin, and _ streptomycin, 
applied pharmacology, 1956: May, 
279-94. See also Streptomycin. 
absorption, 1956: May, 283 
administration, routes of, 1956: May, 
452, 455 
chemistry, 1956: May, 281 
distribution, 1956: May, 283 
dosage, 1956: May, 452 
excretion, 1956: May, 283 
in nasopharyngeal infections, 1957: Feb., 
163 
in subacute bacterial endocarditis, 1956: 
May, 405 
in tuberculous meningitis, 
435 
in urogenital tract infections, 1956: May, 


1956: May, 


vestibular-auditory disturbances due to, 
1956: May, 286 
Dihydroxystilbamidine 
1956: May, 365 
Diiodohydroxyquinoline, in acrodermatitis 
enteropathica, 1956: Aug., 578 
in amebiasis, 1956: Feb., 174, May, 415 
Dilantin. See Diphenylhydantoin. 
Diodoquin. See Diiodohydroxyquinoline. 
Diphemanil for prevention of contact 
dermatitis, 1956: Aug., 662 
Diphenhydramine, in asthma, 1957: Feb., 
295 


in histoplasmosis, 


in nasopharyngeal infections, 1957: Feb., 
161 
Diphenylhydantoin, hyperplasia of mouth, 
1956: Nov., 858-9 
in behavior disorders, 1958: Aug., 588 
due to brain damage, 1957: Nov., 
1057 
toxicity, 1958: Aug., 590 
Diphenylhydramine, in atopic dermatitis, 
1956: Aug., 622 
in behavior disorders, 1958: Aug., 584-5 
toxicity, 1958: Aug., 589 
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Diphenylmethane derivatives, in behavior 
disorders, 1958: Aug., 582-5 
toxicity, Aug., 589 
Diphtheria, 1957: Feb., 140 
immunization, active, 1957: Aug., 619 
passive, 1957: Aug., 623 
oral manifestations, 1956: Nov., 882 
Disbelief as reaction to diagnosis of central 
nervous system defect or damage, 1957: 
Nov., 1037 
Discipline, delinquency and, 1958: Aug., 
763, 764 
Disease. See also Death and specific dis- 
eases. 
common, genetic counselling in, 1958: 
May, 475-91 
complicated by edema and sodium re- 
tention, 1958: May, 406-408 
deafness due to, 1957: Aug., 687 
febrile, during pregnancy, in etiology of 
epilepsy, 1957: Nov., 1064 
maternal, severe, in etiology of epilepsy, 
1957: Nov., 1065, 1066 
need for understanding of, in adoles- 
cents, 1958: Aug., 784-5 
notifiable, incidence, 1957: Aug., 612 
physical, in adolescents, 1958: Aug., 782- 
3 


severe, in newborn, in etiology of epi- 
lepsy, 1957: Nov., 1068 
systemic, cutaneous clues in, 1956: Aug., 
811-24 
uncomplicated by edema, 1958: May, 
408-409 
Dislocation. See joint involved, as Hip. 
Distemper, canine, relation to human re- 
spiratory disease, 1957: Feb., 193- 
201. See also Pneumonitis, primary. 
relation to measles, 1957: Feb., 199 
Distractibility in brain-damaged children 
with behavior problems, 1957: Nov., 1051 
Diuresis, mercurial, electrolyte disturbances 
due to, 1958: Nov., 1135 
Diuretics in heart failure, 
1134-6 
Diuril. See Chlorothiazide. 
Diverticulum. See under Intestines. 
Doctors. See Physicians. 
Domboro solution in acne vulgaris, 1956: 
Aug., 728 
Dominance, cerebral, reading disabilities 
due to, 1958: May, 516-17 
Dornase, pancreatic, in bronchopulmonary 
disease, 1957: Feb., 239 
Drainage, in complications of staphylococ- 
cal pneumonia, 1957: Feb., 226, 227 
postural, in bronchopulmonary disease, 
1957: Feb., 240 
in nasopharyngeal 
Feb., 159 
Dreams, frightening, 1958: Aug., 640-41 
Dressings, wet, in atopic dermatitis, 1956: 
Aug., 615, 616 
in contact dermatitis, 1956: Aug., 659 
Drowning, deaths due to, 1957: Aug., 640 
Drowsiness, excessive, 1958: Aug., 641-2 


1958: Nov., 


infections, 1957: 
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Drugs. See also specific drugs. 
acute hemolytic anemia due to, 1957: 
May, 477. See also under Anemia(s). 
erythema multiforme due to, 1956: Aug., 
7719 
erythema nodosum due to, 1956: Aug., 
783 
prescribing, in accident prevention, 1957: 
Aug., 643 
reactions, due to sulfonamide therapy, 
1956: May, 243 
relaxant, in proctologic anesthesia, 1956: 
Feb., 62 
therapeutic use, in behavior disorders, 
1958: Aug., 573-94 
changes in behavior with, 1958: 
Aug., 577 
toxicity, 1958: Aug., 589-90 
working approach, 1958: Aug., 
590-91 
in epilepsy, 1957: Nov., 1079-92. 
See also Epilepsy. 
in erythema multiforme, 1956: Aug., 
7717 
in mental retardation, 1958: Aug., 
681, 682 
in muscular defects, 1957: Aug., 
707 
in schizophrenia, 1958: May, 507- 
508 
toxicity, deafness due to, 1957: Aug., 
686 


urticaria due to, 1956: Aug., 786 
Duapen. See Benzathine penicillin G. 
Ductus arteriosus, patent, cine-angiocardio- 

grams in, 1958: Nov., 957-8 
clinical features, 1958: Nov., 997- 


8 
diagnosis, 1958: Nov., 997-8 
electrocardiogram in, 1958: Nov., 
889-91 
in newborn, 1958: Nov., 1094 
treatment, 1958: Nov., 1096 
physiology, 1958: Nov., 997 
Duke’s disease, 1956: Aug., 547 
Dust extract, house, in respiratory allergy, 
1957: Feb., 289 
Dwarfism, 1957: Nov., 925-48 
due to aldosteronism, 1957: Nov., 938 
due to central nervous system disorders, 
1957: Nov., 939-40 
due to congenital heart disease, 1957: 
Nov., 945 
due to craniopharyngioma. See under 
Craniopharyngioma. 
due to delayed adolescence, 1957: Nov., 
945-6 
due to endocrine disorders, 1957: Nov., 
928-38 
due to galactosemia, 1957: Nov., 943 
due to glycogen storage disease, 1957: 
Nov., 943 
due to gonadal dysgenesis, 1957: Nov., 
936-7 
due to hypothyroidism, 1957; Nov., 934- 
6 
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Dwarfism, due to idiopathic hypercalcemia, 
1957: Nov., 944 
due to inborn errors of metabolism, 


1957: Nov., 942-3 

due to nutritional disorders, 1957: Nov., 
942 

due to pheochromocytoma, 1957: Nov., 
937 


due to pseudohypoparathyroidism, 1957: 
Nov., 937-8 
due to renal disorders, 1957: Nov., 938-9 
due to skeletal disorders, 1957: Nov., 
940-2 
infantilistic, 1957: Nov., 929 
Lorain-Levy, 1957: Nov., 930 
ovarian. See Gonads, dysgenesis. 
pituitary, 1957: Nov., 928-34. See also 
Infantilism, pituitary, primary. 
as feature of panhypopituitarism, 
1957: Nov., 928-9 
due to organic lesions, 1957: Nov., 
928-9 
without demonstrable 
Nov., 929-34 
primordial. See Dwarfism, true. 
proportional, 1957: Nov., 930 
true, 1957: Nov., 927-8 
Dye, triple, for care of umbilicus, 1958: 
May, 296 
Dysautonomia, familial, dwarfism due to, 
1957: Nov., 940 
vs. schizophrenia, 1958: May, 505 
Dysgenesis. See under Gonads and Seminif- 
erous tubules. 
Dyshemia, 1957: May, 449 
Dyskinesia in cerebral palsy, 1957: Nov., 
1008 
Dysmenorrhea, 1958: Feb., 58-60 
emotional problems due to, 1958: Aug., 
793, 794 
Dysplasia, chondroectodermal, 1957: Nov., 
940 


lesion, 1957: 


fibrous. See under Bones, diseases. 
osseous, of jaw, 1956: Nov., 896 
Dyspnea. See also Asthma; Respiration. 
in newborn, 1957: Feb., 23 
laryngeal, obstructive, 1957: Feb., 79 
congenital, 1957: Feb., 78 
Dystrophy, muscular. See also Myasthenia 
gravis. 
vs. cerebral palsy, 1957: Nov., 1010 


Ear. See also Deafness; Hearing. 
external, otitis, chronic, 1957: Feb., 288 
classification, 1956: Aug., 510 
treatment, 1956: Aug., 517 
relation of allergy to, 1957: Feb., 288 
Ear drops in nasopharyngeal infections, 
1957: Feb., 160 
Eating. See also Diet; Feeding; Food. 
problems, 1958: Aug., 566, 595-611 
related to adjustment, 1958: Aug., 
603-5 
Ebstein’s disease. See under Tricuspid valve. 
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ECHO virus, 1958: May, 305-309 
aseptic meningitis due to, 1958: May, 
305-308 
clinical syndromes caused by, 1958: 
May, 301-12 
Echolalia, delayed, 1958: Aug., 717 
Eclampsia in etiology of epilepsy, 1957: 
Nov., 1065 
Economic factors in treatment of muscular 
defects, 1957: Aug., 706 
Ecthyma, classification, 1956: Aug., 508 
treatment, 1956: Aug., 516 
Ectodermal aplasia, congenital. See Ecto- 
dermal defect, congenital. 
Ectodermal defect, congenital, 1956: Aug., 
691-2 
Ectodermal dysplasia, 1956: Nov., 946 
hereditary. See Ectodermal defect, con- 
genital. 
Eczema, atopic. See under Neurodermatitis. 
definition, 1956: Aug., 741 
infantile. See Dermatitis, atopic, under 
Neurodermatitis. 
nummular, 1956: Aug., 751-2 
classification, 1956: Aug., 744 
vs. atopic dermatitis, 1956: Aug., 609 
Eczema herpeticum, 1956: Aug., 531 
Eczema vaccinatum, 1956: Aug., 544 
Edathemil in lead poisoning, 1957: Nov., 
1030 
Edema. See also Ascites. 
and sodium retention, diseases compli- 
cated by, 1958: May, 406-408 
angioneurotic, 1956: Aug., 785 
and urticaria, 1956: Aug., 784-7 
cerebral. See Brain, edema. 
diseases uncomplicated by, 1958: May, 
408-409 
idiopathic, 1958: May, 407 
Edrisal in dysmenorrhea, 1958: Feb., 60 
Education. See also School. 
and training of children with handicaps, 
1957: Aug., 745-56 
in mental retardation, 1958: Aug., 678-9 
evaluation, 1958: Aug., 673 
of children, with brain damage, 1957: 
Nov., 1045 
of handicapped, community need for, 
1957: Aug., 759 
program, for children with behavior 
problems due to brain damage, 1957: 
Nov., 1058 
special, aims and cost, 1957: Aug., 745 
community programs for, 1957: Aug., 
749 
Philadelphia school program, 
Aug., 749 
programs for, 1957: Aug., 747 
Ego, 1958: May, 494 
Eisenmenger complex. See under Heart, 
abnormalities. 
Ejection murmurs; 
Heart. 
Electrocardiography, 1958: Nov., 871-905. 
See also under Heart. 
Electroencephalography. See under Brain. 


1957: 


sounds. See under 
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Electrolyte disturbances due to mercurial 
diuresis, 1958: Nov., 1135 
Electrolyte imbalances, adverse effects in 
exchange transfusion, 1957: May, 385 
Electrolyte-regulating factor. See Aldoster- 
one. 
Electrolytes, metabolism, effect of aldoster- 
one on, 1958: May, 399-400 
Electrosurgery for warts, 1956: Aug., 524 
Ellis-Van Creveld syndrome. See Dysplasia, 
chondroectodermal. 
Emancipation in care of handicapped, com- 
munity need for, 1957: Aug., 761 
Embolism due to cardiac catheterization, 
1958: Nov., 941 
Embryology of atrioventricular septation, 
1958: Nov., 1012-14 
Embryoma of kidney, 1958: Feb., 105 
Emetine hydrochloride in amebiasis, 1956: 
Feb., 174 
Emollients in atopic dermatitis, 1956: Aug., 
616, 618 
Emotional and social 
Aug., 731-44 
special education of children with, 
1957: Aug., 754 
Emotional asthenia. See Cataplexy. 
Emotional deprivation vs. mental retarda- 
tion, 1958: Aug., 670 
Emotional growth in normal child, 1958: 
Aug., 562-3 
Emotional immaturity in brain-damaged 
children with behavior problems, 1957: 
Nov., 1052 
Emotional maladjustments in etiology of 
epilepsy, 1957: Nov., 1070, 1071 
Emotional problems. See Emotions, dis- 
turbances of. 
Emotional responses of 
Nov., 1051 
Emotional stress and physical symptoms, 
1956: Feb., 197 
Emotions, disturbances of, diarrhea due 
to, 1956: Feb., 142 
etiology, 1958: Aug., 563-4 
in muscular defects, 1957: 
707 
of adolescent girl, 1958: Aug., 789- 
801. See also Adolescence. 
prevention, 1956: Nov., 1068 
reading disabilities due to, 1958: May, 
517-18 
types, 1958: Aug., 564-70 
Emphysema, congenital. See Emphysema, 
obstructive, lobar. 


handicaps, 1957: 


infants, 1956: 


Aug., 


hypertrophic, congenital, 1/957: Feb., 
92 
localized. See Emphysema, obstruc- 


tive, lobar. 
lobar, in newborn, 1957: Feb., 64 
clinical manifestations, 1/957: Feb., 
65 
mediastinal. See Pneumomediastinum. 
obstructive, lobar, 1957: Feb., 91 
in newborn, roentgen diagnosis, 
1957: Feb., 41 
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Empyema, in staphylococcal pneumonia, 
1957: Feb., 222 
staphylococcal, and pneumonia, /957; 
Feb., 215-29. See also Pneumonia. 
Enamel, tooth. See under Teeth. 
Encephalitis, 1957: Nov., 1021-3. See also 
Meningoencephalitis. 
Encephalocele, nasal, 1957: Feb., 76 
Encephalography. See under Brain. 
Encopresis, 1958: Aug., 752 
psychosomatic aspects, 1956: Feb., 202 
Endarteritis, fibrosing, in idiopathic pul- 
monary hypertension, 1958: May, 347 
Endocardial cushion defects, 1958: Nov.., 


1011-28 

cardiovascular findings, 1958: Nov., 
1017-19 

clinical manifestations, 1958: Nov., 
1017-22 


incidence, 1958: Nov., 1011-12 
nomenclature, 1958: Nov., 1016-17 
pathology, 1958: Nov., 1014-16 
roentgen findings, 1958: Nov., 1022 
significance, 1958: Nov., 1011-12 
treatment, 1958: Nov., 1025-7 


Endocarditis, bacterial, subacute, /956: 
May, 403-5 
fetal, 1958: Nov., 1065 
Endocardium, fibroelastosis, contracted, 


1958: Nov., 1063 

dilated, 1958: Nov., 1063 

primary, 1958: Nov., 1062-5 
classification, 1958: Nov., 1063 
etiology, 1958: Nov., 1065-6 
physiology, 1958: Nov., 1066-7 
treatment, surgical, 1958: Nov., 1072 

secondary, 1958: Nov., 1063 

vs. idiopathic pulmonary hypertension, 
1958: May, 344 

sclerosis. See Endocardium, fibroelasto- 

sis, primary. 

Endomyocardial disease, primary, 1958: 
Nov., 1057-85. See also Heart, disease, 
endomyocardial. 

Endocrine factors, handicaps due to, 1957: 
Aug., 600 

Endocrine glands. See also Hormones; and 

under specific glands. 
diseases, cutaneous manifestations, 
1956: Aug., 821 
dwarfism due to, 1957: Nov., 928-38 
in breast development, 1/958: Feb., 64 
regulation of gonadal function, 1957: 
Nov., 829 
Endocrinology, laboratory diagnosis in, 
1957: Nov., 959-80 
symposium on, 1957: Nov., 801-980 
Endometriosis, 1958: Feb., 106, 107, 108 
Endometrium, biopsy, in genital infanti- 
lism, 1957: Nov., 837 
hyperplasia, 1958: Feb., 57-8 
in immaturity, 1/958: Feb., 17-18 

Endoscopy, 1956: Feb., 18 
anesthesia for, 1956: Feb., 20 
position for, 1956: Feb., 21 
preparation, 1956: Feb., 19 
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Endoscopy, technique, 1956: Feb., 21 
Endothelioma cutis. See Nevoxanthoma- 
endothelioma. 
Endotracheal intubation in 
surgery, 1956: Feb., 62 
Enema, administration, 1956: Feb., 191-6 
cleansing, 1956: Feb., 192 
diagnostic, 1956: Feb., 192 
effectiveness of, judging, 1956: Feb., 195 
phosphate, hypertonic, in fecal impac- 
tions, 1958: Aug., 753 
preparatory, for endoscopy, 1956: Feb., 
19 
therapeutic, 1956: Feb., 192 
Enteric cyst. See Intestines, duplications. 
Enteritis. See also Gastroenteritis. 
regional, 1956: May, 419 
Enterobiasis. See Oxyuriasis. 
Enterocolitis, pseudomembranous, 
May, 418 
Enterogenous cyst. See Intestines, duplica- 
tions. 
Enumeration in care of handicapped, com- 
munity need for, 1957: Aug., 758 
Enures’s. See Urine, incontinence. 
Environment, as factor in schizophrenia, 
1958: Aug., 705 
hospital nursery, in neonatal infections, 
1958: May, 292, 295 
in atopic dermatitis, 1956: Aug., 602 
in incidence of common cold, 1957: 
Feb., 105 
in onset of menstruation, 1958: Feb., 53 
Enzymes, in bronchopulmonary disease, 
1957: Feb., 239 
serum, 1958: May, 367-8 
Eosinophilia, familial, genetics, 1957: May, 
339 
Eosinophils, 
367 
Ephedrine in asthma, 1957: Feb., 297 
Ephialtes. See Nightmares. 
Epidermolysis bullosa, 1956: Aug., 705-9 
Epidermolysis bullosa dystrophica, 1956: 
Aug., 706 
dominant form, 1956: Aug., 707 
Epidermolysis bullosa hereditaria fetalis, 
1956: Aug., 707 
Epidermolysis bullosa simplex, 1956: Aug., 
705 
Epidural abscess vs. viral meningitis, 1957: 
Nov., 1020 
Epiglottis, abnormalities, 1957: Feb., 78-80 
in newborn, 1957: Feb., 67 
bifid, 1957: Feb., 78 
elongate, 1957: Feb., 78 
Epilation. See Hair, removal. 
Epilepsy, 1957: Nov., 1061-77 
cerebral palsy and, 1957: Nov., 1007 
convulsions in, 1957: Nov., 1072 
developmental progress in, 1957: Nov., 
1069 
drug therapy, 1957: Nov., 1079-92 
clinical efficacy, 1957: Nov., 1081 
according to type of seizure, 
1957: Nov., 1082, 1083 


proctologic 


1956: 


normal values, 1957: May, 
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Epilepsy, genetic counselling in, 7958: May, 
idiopathic, 1957: Nov., 1079 
mental status in, 1957: Nov., 1070 
neonatal factors, 1957: Nov., 1068 
neurologic examination, 1957: 

1072 
organic, 1957: Nov., 1079 
perinatal factors, 1957: Nov., 1066 
postictal manifestations, 1957: Nov., 1073 
prenatal factors, 1957: Nov., 1063 
psychologic factors, 1957: Nov., 1070 
seizures, classification, 1957: Nov., 
1073 
study outline, 1957: Nov., 1063 
symptomatic, 1957: Nov., 1079 
Epileptic child, study of, 1957: Nov., 1061- 
77. See also Epilepsy. 
Epiloia. See Sclerosis, tuberous. 
Epinephrine. See also Arterenol. 
in asthma, 1957: Feb., 298 
in eye injuries, perforating, 1958: Feb., 
218 

in pathogenesis of schizophrenia, 1958: 
Aug., 706 

in status asthmaticus, 1957: Feb., 303 

tolerance test, 1957: Nov., 975 

Epiphyses, dysplasia, multiple, 1957: Nov., 

941-2 

stippled, congenital, 1957: Nov., 941 

Epiphysitis, vertebral. See Back, round, 
dorsal wedging. 

Epithelial pearls in newborn, 1956: Nov., 
848 

Epithelium, vaginal, in immaturity, 1958: 
Feb., 11 

Epitrichium, 1956: Aug., 690 

Epstein’s pearls in newborn, 1956: Nov., 
848 

Epulis. See under Tumors. 

Equanil. See Meprobamate. 

Equilibrium, disturbance, in brain-damaged 

children, 1958: Aug., 690 
emotional, need for, in adolescence, 
1958: Aug., 791 

Eradication in care of handicapped, com- 
munity need for, 1957: Aug., 760 

Eruptions. See also Epidermolysis bullosa; 


Nov., 


Herpes; Measles; Rubella; Scarlet 
fever; etc. 

acute, uveitis due to, 1958: Feb., 180-81, 
183 

common, vs. erythema multiforme, /956: 
Aug., 777 


creeping. See Larva migrans, cutaneous. 
of teeth. See under Teeth. 
summer, recurrent. See Hydroa vaccini- 
forme. 

Erysipelas, classification, 1956: Aug., 509 
treatment, 1956: Aug., 517 

Erythema. See also Lupus erythematosus. 
of Jacquet, 1956: Aug., 760 

Erythema annulare in rheumatic fever, 
1956: Aug., 818, 819 

Erythema infectiosum, 1956: Aug., 547 

Erythema migrans. See Tongue, geographic. 
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Erythema multiforme, 
772-81 
erythema nodosum and 
1956: Aug., 771-90 
Erythema multiforme exudativum, 1956: 
Aug., 773 
Erythema nodosum, 1956: Aug., 781-4. See 
also Coccidioidomycosis. 
erythema multiforme and _ urticaria, 
1956: Aug., 771-90 
relation to diseases associated with 
development of allergy, 1956: Aug., 
782 
Erythrasma, 1956: Aug., 571, 572 
Erythroblastopenia, acute, 1957: 
446-52 
chronic, 1957: May, 446, 452-9 
without hemolytic constitution, 1957: 
May, 452 
immune type, 1957: May, 459, 461 
in anuria, 1957: May, 464 
in renal failure, 1957: May, 463 
Erythroblastosis. See Hemolytic disease of 
newborn. 
Erythrocin. See Erythromycin. 
Erythrocytes, auto-agglutination, in auto- 
immune hemolytic anemias, 1957: 
May, 433 
counts, correlation with hemoglobin and 
hematocrit values, 1957: May, 363 
in erythema multiforme, 1956: Aug., 
775 
formation, aplasia of, 1957: May, 445-68 
genetics, 1957: May, 330 
hemoglobin types, 1957: May, 335 
metabolic deficiencies, 1957: May, 338 
morphological types, 1957: May, 336 
morphology, acanthrocytosis, genetics of, 
1957: May, 338 
osmotic fragility, in auto-immune hemo- 
lytic anemias, 1957: May, 434 
packed or sedimented, in transfusions, 
1957: May, 560 
primaquine-sensitive, 1957: May, 339 
production, impaired, anemia due to, 
laboratory tests, 1958: May, 353-5 
reactions indicating specificity of ma- 
ternal antibody, 1957: May, 399 
removal of, in exchange transfusion, 
1957: May, 384 
serological systems, 
May, 334 
serotypes, 1957: May, 330 
values, birth to 6 years, 1957: May, 361 
birth to 12 years, 1957: May, 358 
normal, 1957: May, 359 
Erythroderma, atopic, 1956: Aug., 605 
ichthyosiform. See Ichthyosis. 
Erythroderma desquamativum, 1956: Aug., 
747, 764 
Erythrogenesis imperfecta. See Anemia(s), 
aplastic. 
Erythromycin, absorption, 1956: May, 308 
administration, routes of, 1956: May, 
310, 453, 455 


1956: Aug., 545, 


urticaria, 


May, 


inherited, 1957: 
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Erythromycin, and related compounds, ap- 
plied pharmacology, 1956: May, 305- 
15 
antimicrobial properties, 1956: May, 307 
applied pharmacology, 1956: May, 306- 
13 


bacterial resistance, 1956: May, 313 
chemical properties, 1956: May, 306 
dosage, 1956: May, 310, 453 
in bronchopulmonary disease, 1957: Feb., 
237, 238 
in cellulitis, 7956: May, 272 
in diphtheria contacts, 
1956: May, 275 
in furunculosis, 1956: May, 272 
in gastrointestinal infections, 1956: May, 
414 
in nasopharyngeal infections, 1957: Feb., 
164 
in pulmonary infections, 1956: May, 364 
in rheumatic fever prophylaxis, 1956: 
May, 309 
in soft tissue abscess, 1956: May, 272 
in urogenital tract infections, 1956: May, 
373 
indications, 1956: May, 308 
physical properties, 1956: May, 306 
preparations, 1956: May, 310 
for parenteral use, 1956: May, 311 
for topical use, 1956: May, 312 
side effects, 1956: May, 312 
tissue distribution, 1956: May, 308 
toxicity, 1956: May, 312 
Erythron, 1957: May, 359 
Erythrophthisis, postinfectious, progressive, 
1957: May, 446 
Erythropoiesis. See Erythrocytes, formation. 
Escherichia coli infections, 1956: May, 409 
Esophagitis, reflux, 1958: May, 449-50 
Esophagus, atresia, 1957: Feb., 84 
roentgen diagnosis, 1957: Feb., 35 
with tracheo-esophageal fistula, in new- 
born, 1957: Feb., 66 
obstruction, due to burns, 1956: Nov., 
914 
ring, lower, vs. congenital esophageal 
stenosis, 1958: May, 453 
stenosis, cicatricial. See 
stenosis, secondary. 
congenital, 1958: May, 443-55 
membranous, 1958: May, 450-51 
secondary, 1958: May, 450 
varices, rectal bleeding due to, 1956: 
Feb., 210 
web, vs. congenital esophageal stenosis, 
1958: May, 453 
Estradiol, estinyl, in dysmenorrhea, 1958: 
Feb., 
in endometrial hyperplasia, 1958: Feb., 


prophylactic, 


Esophagus, 


58 
Estrogens, 1957: Nov., 967. See also spe- 
cific preparations. 
deprivation of, hemorrhage due to, 1958: 
Feb., 3, 4 
determination, urinary, 1957: Nov., 836 
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Estrogens, effect on breast development, 
1958: Feb., 64 
in acne vulgaris, 1956: Aug., 732 
in adherent prepuce, 1958: Feb., 37, 38 
ingestion, isosexual precocity due to, 
1957: Nov., 885-6 
ointment, in infectious granuloma of 
vulva, 1958: Feb., 36 
in labial adhesions, 1958: Feb., 37 
Premarin, in acne vulgaris, 1956: Aug., 
732, 733 
in endometrial hyperplasia, 1958: Feb., 


58 
tests for, 1957: Nov., 970 
Ether in proctologic anesthesia, 1956: Feb., 
59, 60 
Ethinyltestosterone in endometrial hyper- 
plasia, 1958: Feb., 58 
Ethisterone in endometrial 
1958: Feb., 58 
Ethyl vanillate 
May, 365 
Ethylnorepinephrine in asthma, 1957: Feb., 
299 
Eurax. See Crotamiton. 
Eustachian tube, function in cleft palate, 
1956: Nov., 1005 
Evaluation in care of handicapped, com- 
munity need for, 1957: Aug., 759 
Ewing’s tumor. See Myeloma, endothelial, 
under Tumors. 
Examination, dental. See Teeth, examina- 
tion. 
of mouth, 1956: Nov., 855-69 
proctologic, 1956: Feb., 15-26. See also 
Proctologic examination. 
Exanthem subitum. See Roseola infantum. 
Exanthematous diseases, 1956: Aug., 546-7 
Exanthems. See also Eruptions. 
Boston, 1958: May, 308 
Exchange transfusion. See Blood, transfu- 
sion, exchange. 
Exercise, effect on insulin requirement in 
diabetes mellitus, 1957: Nov., 811 
in dysmenorrhea, 1958: Feb., 60 
in strabismus, 1958: Feb., 159-61 
Exhaustion, heat, 1956: Aug., 795 
Exotropia, intermittent, 1958: Feb., 167, 168 
Eyelids, lacerations, 1958: Feb., 205-209 
Eyes. See also Blindness; Conjunctiva; 
Glasses; Nerves, optic; Ophthalmology; 
Retina; Vision. 
accidents, 1957: Aug., 671 
accommodation, 1958: Feb., 154 
anatomy, 1/958: Feb., 186-7 
anterior chamber, hemorrhage, 
Feb., 214-15 
burns, chemical, 1958: Feb., 222-3 
thermal, 1958: Feb., 222 
care of, in erythema multiforme, 1956: 
Aug., 778 
contusions, 1958: Feb., 213-18 
crossed. See Strabismus. 
disease. See also Cataract; Conjunctivitis; 
Glaucoma; etc. 


hyperplasia, 


in histoplasmosis, 1956: 


1958: 
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Eyes, disease of, genetic factors in, 1957: 
Aug., 675 
venereal, 1957: Aug., 672 
disk distortion in retrolental fibroplasia, 
1958: Feb., 241-2 
examination, routine, 1957: Aug., 665 
eye ground examination in cerebral palsy, 
1957: Nov., 1010 
fundus oculi, 1958: Feb., 196-200 
changes after contusions, 1958: Feb., 
216-18 
in erythema multiforme, 1956: Aug., 774 
infections, endogenous, 1957: Aug., 672 
injuries, 1958: Feb., 203-24 
mechanical, 1958: Feb., 205-21 
perforating, without retained intra- 
ocular foreign body, 1958: Feb., 
218-20 
with retained intraocular foreign 
body, 1958: Feb., 220-21 
macular degeneration, 1958: Feb., 199- 
200 
motility, 1958: Feb., 186-9 
muscles. See also Orthoptics. 
paralysis of, 1958: Feb., 187-8 
myasthenia gravis, 1958: Feb., 188-9 
of newborn, care of, 1958: May, 296-7 
optic atrophy, 1957: Aug., 676 
paralysis, conjugate and _ disjunctive, 
1958: Feb., 188 
pupils, reflexes, 1958: Feb., 196 
radiation injury, 1958: Feb., 223-4 
refraction, errors of, 1957: Aug., 669 


FA. See Folic acid. 

Face. See also Jaws; Lips; Mouth; Nose. 
angioma of, in newborn, 1957: Aug., 651 
defects, influencing treatment of cleft lip 

and cleft palate, 1956: Nov., 1010 
paralysis, in newborn, 1956: Nov., 853 

Facies, allergic, 1957: Feb., 286 

Factor V, 1957: May, 343, 532 

Factor VII. See Serum prothrombin con- 
version accelerator. 

Factor X, 1957: May, 542 

Fallot’s tetralogy; trilogy. See under Heart, 
abnormalities. 

Falls. See under Accidents. 

Family, background, in prognosis of tu- 

berculosis, 1957: Feb., 259 
cohesiveness, delinquency and, 1958: 
Aug., 764 
counseling, in cleft lip and cleft palate, 
1956: Nov., 1024 
in muscular defects, 1957: Aug., 706 
environment, in school phobia, 1958: 
Aug., 654-8 
history, in cerebral palsy, 1957: Nov., 


in epilepsy, 1957: Nov., 1063 
migration of, delinquency due to, 1958: 
Aug., 761 
Fanconi syndrome, genetics, 1957: May, 339 
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Fasc:culus, longitudinal, medial, lesions of, 
nystagmus due to, 1958: Feb., 193-4 
Fat. See also Obesity. 
absorption in malabserption syndrome, 
1958: May, 360-62 
in diet, in diabetes mellitus, 1957: Nov., 


Fat pad, sucking, herniation of, 1956: Nov., 
912 

Father, eating problems due to, 1958: Aug., 
600 


Favus, 1956: Aug., 567 
Fear as reaction to diagnosis of central 
nervous system defect or damage, 1957: 
Nov., 1038 
Feces, appearance, 1956: Feb., 15 
culture studies, 1956: Feb., 25 
holding, in constipation, 1958: Aug., 
751-2 
impaction, 1956: Feb., 75 
treatment, 1958: Aug., 753, 754 
incontinence, 1958: Aug., 749-57. See 
also Constipation. 
Feeding. See also Diet; Eating; Food. 
artificial, eating problems due to, 1958: 
Aug., 597 
disturbances in, 1956: Nov., 1060 
due to aggression, 1956: Nov., 1063 
in brain-damaged children, 1957: Nov., 
1035 
regressive, 1956: Nov., 1062 
eating problems related to, in childhood, 
1958: Aug., 599-603 
in infancy, 1958: Aug., 596-9 
effect on emotional development, 1956: 
Nov., 1055 
emotional significance, 1956: Nov., 1050 
in cleft lip, 1956: Nov., 1013 
in cleft palate, 1956: Nov., 1005, 1013 
in diarrhea, 1956: Feb., 149 
psychological concomitants, 1956: Nov., 
1053 
self-demand, 1956: Nov., 1070 
Feet. See Foot. 
Felon, classification, 1956: Aug., 509 
treatment, 1956: Aug., 516 
Female, masculinization of, 1957: Nov., 
915-20 
Feminization, 1957: Nov., 905 
testicular, 1957: Nov., 911-14 
Ferric and ammonium citrate in whipworm 
infection, 1956: Feb., 180 
Ferric chloride in diagnosis of phenylketo- 
nuria, 1958: Aug., 674 
Fetus. See also Newborn; Placenta; Preg- 
nancy. 
defense mechanisms, 1958: May, 274 
delivery, early, in prevention of death 
from erythroblastosis, 1958: May, 279- 
85 


distress, 1958: May, 268-72 

electrocardiography, 1958: May, 269 
71 

encephalography, 1958: May, 271 

protective mechanisms against hemolytic 
disease, 1957: May, 407 
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Fever. See also Rheumatic fever; Typhoia 
fever. 
glandular. See Mononucleosis, infectious 
in recurrent parotitis, 1956: Nov., 939 
three-day, 1957: Feb., 119 
Fever blister. See Herpes simplex. 
Fibrillation, ventricular, due to hypother- 
mia, 1958: Nov., 1103 
Fibrinogen, deficiencies of, 1957: May, 545 
in blood. See under Blood. 
Fibroelastosis, endocardial. See under En- 
docardium. 
Fibroma. See under Tumors. 
Fibroma molluscum multiplex, 1956: Aug., 
682 
Fibro-osteoma of jaw, 1956: Nov., 896 
Fibrosarcoma. See under Sarcoma. 
Fibrosis, cystic. See under Pancreas. 
Fiedler’s myocarditis, 1958: Nov., 1080 
Fifth disease, 1956: Aug., 547 
Figure-background perception 
damage, 1958: Aug., 693 
Fish skin disease. See Ichthyosis. 
Fissure, anal, 1956: Feb., 119 
Fissure quadrad, 1956: Feb., 121 
Fistula, anal, 1956: Feb., 122-4 
arteriovenous, pulmonary, 1957: Feb., 94 
as indication for operation in ulcerative 
colitis, 1956: Feb., 161 
rectoperineal, diagnosis, 1956: Feb., 69 
treatment, surgical, 1956: Feb., 72, 73 
recto-urethral, vs. rectovesical fistula, 
1956: Feb., 70 
rectovaginal, diagnosis, 1956: Feb., 69 
treatment, surgical, 1956: Feb., 73 
rectovesical, treatment, surgical, 1/956: 
Feb., 72 
vs. recto-urethral fistula, 1956: Feb., 
70 
tracheo-esophageal, 
1958: May, 452-3 
Flatfoot. See Foot, flat. 
Flea bites, 1956: Aug., 629 
Fluids. See also Milk; Water. 
and electrolyte, disturbances, cerebral 
injury due to, 1957: Nov., 1028-9 
therapy, in cleft lip and palate repair, 
1956: Nov., 1031 
in diabetes mellitus, 1957: Nov., 806 
in erythema multiforme, 1956: Auzg., 
777 
in peritonitis, primary, 1958: Feb., 
101 
preoperative, 1956: Feb., 56 
body. See also Cerebrospinal fluid. 
aldosterone in, 1958: May, 397-8 
in renal complications of sulfonamide 
therapy, 1956: May, 242 
intravenous, administration, preoperative, 
1956: Feb., 58 
retention, effect on electrocardiogram in 
endocardial fibroelastosis, 1958: Nov., 
1070 
Fluorescein in corneal abrasion, 1958: Feb., 
209 
Fluoridation of water. See under Water. 


in brain 


1957: Feb., 83-5; 
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Fluorides, dental caries and, 1956: Nov., 
959. See also under Teeth, caries. 
topical, 1957: Aug., 722 
Fluoroscopy. See under Roentgen rays. 
Flying. See Aviation. 
Folic acid, 1957: May, 
Leucovorin. 
antagonists, in acute leukemia, 1957: 
May, 515 
clinical effects, 1957: May, 518 
reactions, 1957: May, 520 
regimen, 1957: May, 519 
results, 1957: May, 520 
toxic effects, 1957: May, 518 
mode of action, 1957: May, 517 
Follicle-stimulating hormone, in gonadal 
function, 1957: Nov., 829, 830, 834 
in intersexuality, 1957: Nov., 921 
Folliculitis, superficial, classification, 1956: 
Aug., 508 
treatment, 1956: Aug., 516 
Food. See also Diet; Milk; Nutrition. 
fluorides in, 1956: Nov., 960 
idiosyncracies, eating problems due to, 
1958: Aug., 598, 600 
intake, regulation of, 1957: Nov., 950 
prohibited, in acne vulgaris, 1956: Aug., 
738 
refusal of, effects, 1956: Nov., 1061 
semisolid, when to give, 1956: Nov., 
1060, 1061 
significance of, appetite and, 1956: Nov., 
1055 
solid, eating problems due to, 
Aug., 602, 603 
urticaria due to, 1956: Aug., 786 
Foot, clubfoot, genetic counselling in, 1958: 
May, 480-81 
deformities, in newborn, 1957: Aug., 652 
flat, 1957: Aug., 654 
ringworm. See Tinea pedis. 
Forceps, biopsy, 1956: Feb., 23 
delivery. See under Labor. 
Foreign bodies, conjunctival, 1958: Feb., 
211-13 
corneal, 1958: Feb., 211-13 
in vagina, 1958: Feb., 46 
examination for, 1958: Feb., 31 
rectal bleeding due to, 1956: Feb., 210, 
Fossa, ileoappendicular, 1956: Feb., 7 
ileocecal, 1956: Feb., 7 
intersigmoid, 1956: Feb., 7 
retrocolic, 1956: Feb., 6 
Fourth disease, 1956: Aug., 547 
Freckles, 1956: Aug., 684 
Frenquel. See Azacyclonol. 
Frenulum linguae in newborn, 
Nov., 849 
Frenum. See under Lip. 
Frenum labialis superior in newborn, 1956: 
Nov., 848, 944 
Froehlich’s syndrome, 1957: Nov., 837 
Frustration as reaction to diagnosis of cen- 
tral nervous system defect or damage, 
1957: Nov., 1038 


517. See also 


1958: 


1956: 


4 AND 5 (1956, 1957 AND 1958) 


1189 


Fuadin. See Stibophen. 

Fuchs, heterochromic iridocyclitis of, 1958: 
Feb., 179 

Fumadil. See Fumagillin. 

Fumagillin in amebic dysentery, 1956: May, 
416 

Fundus oculi. See under Eyes. 

Fungi, examination for, in potassium hy- 

droxide, 1956: Aug., 556 

skin infections due to, 1956: Aug., 555- 


Funnel chest. See under Thorax. 

Furacin. See Nitrofurazone. 

Furadantin. See Nitrofurantoin. 

Furuncle, classification, 1956: Aug., 509 
treatment, 1956: Aug., 516 


GALACTOSEMIA, 1958: Aug., 681 
Gallop rhythm. See Heart, sounds, 
tricular filling. 
Gamma globulin, in asthma, 1957: Feb., 
299 
in mumps orchitis, 1956: Nov., 937 
in prevention of mumps, 1956: Nov., 


ven- 


in rheumatic fever, 1958: Nov., 1149, 
1150 
in rubella prophylaxis, 1957: Aug., 673 
in status asthmaticus complications, 
1957: Feb., 306 
Gantrisin. See Sulfisoxazole, under Sulfona- 
mides. 
Gargles in nasopharyngeal infections, 1957: 
Feb., 159 
Gargoylism, 1957: Nov., 941 
vs. schizophrenia, 1958: May, 505 
Gases, respiratory, transport of, 1957: Feb., 
6 


Gastroenteritis, salmonella types in, 1956: 
Feb., 143 
Gastroesophageal reflux. See Esophagitis, 
reflux. 
Gastrointestinal tract, duplications, 1957: 
Feb., 83 
emotional problems involving, 1958: 
Aug., 795 
in infectious 
Feb., 128 
infections, antimicrobial therapy, /956: 
May, 407-26 
laboratory tests, 1958: May, 358-64 
reactions, to antibiotics, 1956: May, 
440 
to chloramphenicol, 1956: May, 323 
vertebral anomalies and, 1958: May, 
457-74. See also Spine, anomalies. 
Gaucher’s disease, diagnosis, 1957: May, 
349 
Gelatin as cleansing agent 
1956: Feb., 191 
Gemonil. See Metharbital. 
Genes, 1957: May, 325 
dominant, 1957: May, 326 
recessive, 1957: May, 326 
symbols, for Rh locus, 1957: May, 333 


mononucleosis, 1957: 


for enemas, 








1190 


Genetic factors, in growth, 1957: Nov., 


5 
in handicaps, 1957: Aug., 596 
in malocclusion, 1956: Nov., 972 
in ophthalmic disorders, 1957: Aug., 
675 
in schizophrenia, 1958: Aug., 704-5 
Genetics. See also Heredity. 
counselling in common diseases, 1958: 
May, 475-91 
of blood, 1957: May, 325-46 
of congenital adrenal hyperplasia, 1957: 
Nov., 901 
Geniculate zoster. See Ramsay Hunt syn- 
drome. 
Genitals. See also Genitourinary tract; 
Gonads; Penis; Vulva. 
care of, in erythema multiforme, 1956: 
Aug., 778 
differentiation, prenatal, 1958: Feb., 119- 
20 


female, examination of, 1958: Feb., 19- 
34 


age for, 1958: Feb., 23-8 
for symptoms, 1958: Feb., 28-33 
parental cooperation, 1958: Feb., 
22-3 
pathology and surgical procedures 
in, 1958: Feb., 32 
physical findings, 1958: Feb., 30 
progression of, 1958: Feb., 23-8 
purpose, 1958: Feb., 21-2 
external, and vulva, disorders of, 1958: 
Feb., 35-49 
hormonal influences on, 1958: Feb., 
3-4 
in immaturity, 1958: Feb., 3-18 
injuries to, 1958: Feb., 44, 45 
in erythema multiforme, 1956: Aug., 774 
infantilism, 1957: Nov., 827-47 
classification of, 1957: Nov., 831 
gonadal, 1957: Nov., 839 
hypothalamic, 1957: Nov., 837 
in females, methods for investigation 
of, 1957: Nov., 836 
in males, methods for investigation of, 
1957: Nov., 834 
methods for investigation of, 1957: 
Nov., 831 
pituitary, 1957: Nov., 838. See also 
Pituitary infantilism. 
problems of, investigation and treat- 
ment, 1957: Nov., 827-47 
syndromes associated with, 1957: Nov., 
832 


types of, 1957: Nov., 830 
Genitourinary tract, infections, antimicro- 
bial therapy, 1956: May, 369-76 
Genotype, 1957: May, 326 
Gentian violet. See Methylrosaniline. 
Genu valgum. See Knock knee. 
Genu varum. See Bowlegs. 
German measles. See Rubella. 
Gilchrist’s disease. See Blastomycosis, North 
American. 
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Gingiva, Dilantin hyperplasia, 1956: Nov.., 


epulis, 1956: Nov., 887 
Gingivitis. See under Gums. 
Gingivostomatis, herpetic, acute, 

Aug., 531, Nov., 857, 871-5 
infectious, vs. herpangina, 1957: Feb., 
119 
Glands. See specific glands. 
Glandular fever. See Mononucleosis, infec- 
tious. 
Glasses, in strabismus, 1958: Feb., 158-9 

need for, 1957: Aug., 669 
Glaucoma, congenital, 1957: Aug., 676; 

1958: Feb., 225-9 
Glioma, nasal, 1957: Feb., 76 
Globulin, accelerator. See Factor V. 

antihemophilic. See Antihemophilic glob- 

ulin. 

gamma. See Gamma globulin. 
Glomerulonephritis. See Nephritis, glo- 

merular. 

Glossitis. See under Tongue. 
Glossoptosis, 1956: Nov., 924 

Glucagon tolerance test, 1957: Nov., 975 
Glucose, in blood. See Blood, sugar. 

in dehydration, 1956: Feb., 57 

in diabetes mellitus, 1957: Nov., 808 

in erythema multiforme, 1956: Aug., 778 

in hypernatremia, 1957: Nov., 1028 

in ketosis, 1956: Feb., 57 

plus insulin test, 1957: Nov., 977 

preoperative, in cleft lip and palate re- 

pair, 1956: Nov., 1031 
tolerance test, intravenous, 1957: Nov., 
975 
after ACTH, 1957: Nov., 976 
total available, as indication for insulin 
dosage in diabetes mellitus, 1957: 
Nov., 814 

urinary, test for, 1958: May, 365 
Glucostatic theory of appetite regulation, 

1957: Nov., 950, 951 
Gluten sensitivity in malabsorption syn- 

drome, 1958: May, 364 
Glycogen storage disease, dwarfism due to, 

1957: Nov., 943 
of heart. See under Heart. 
vs. idiopathic pulmonary hyperten- 
sion, 1958: May, 344 
Glycosuria. See also Diabetes mellitus. 
chomatographic analysis, 1958: May, 


1956: 


in diabetes mellitus, 1957: Nov., 805 
Goitrous hypothyroidism, 1957: Nov., 849- 
61. See also under Hypothyroidism. 
Gonadotropins, in laboratory diagnosis of 

endocrinology, 1957: Nov., 960 

test, chorionic, in genital infantilism, 
1957: Nov., 836 

urinary. See under Urine. 

Gonads. See also Ovary; Testes. 
degeneration, 1957: Nov., 841 
development of, arrested, 1957: Nov., 

841 
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Gonads, dysgenesis, 1957: Nov., 840, 914; 
1958: Feb., 126-30 
chromosomal sex tests in, 1958: May, 
386-7 
dwarfism due to, 1957: Nov., 936-7 
in males, 1957: Nov., 842 
treatment, 1958: May, 393 
with phallic enlargement, 1957: Nov., 
840 
function of, endocrine regulation, 1957: 
Nov., 829 
hormones, 1957: Nov., 969 
infantilism, 1957: Nov., 839 
male, suppression of, 1957: Nov., 910- 
14 
Goniotomy in glaucoma, 1958: Feb., 227 
Gonorrhea, 1958: Feb., 41-2 
Gramicidin, administration, routes of, 1956: 
May, 455 
Granulocytes, normal values, 1957: May, 
367 
Granuloma, coccidioidal. See Coccidioido- 
mycosis. 
eosinophilic, 1956: Aug., 815 
of jaw, 1956: Nov., 896 
giant cell, reparative, central, of jaw, 
1956: Nov., 894 
of mouth, 1956: Nov., 888 
infectious, of vulva, 1958: Feb., 36 
monilial, 1956: Aug., 575 
pyogenic, of mouth, 1956: Nov., 888 
Granuloma coccidioides, 1956: Aug., 583 
Granulosa cell tumor, 1957: Nov., 883 
Grasping reflex, in brain-damaged children, 
1958: Aug., 690 
in cerebral palsy, 1957: Nov., 1009 
Groin, ringworm of. See Tinea cruris. 
Group psychotherapy in _ schizophrenia, 
1958: May, 507 
Growth. See also Dwarfism. 
and development, oral, 
1957: Aug., 710 
concern with, in adolescents, 1958: Aug., 
776 
craniofacial and somatic, and develop- 
ment of occlusion, 1956: Nov., 969 
eating problems due to, 1958: Aug., 
599 
emotional, in normal child, 1958: Aug., 
562-3 
factors determining, 1957: Nov., 925 
in cleft lip and cleft palate, 1956: Nov., 
1009 
potential, and orthodontic 
1956: Nov., 976 
relation to year of maximal annual gain, 
1957: Nov., 821 
somatic, and craniofacial, and develop- 
ment of occlusion, 1956: Nov., 969 
stimulant, methyltestosterone as, in short 
immature boys, long-term experiences, 
1957: Nov., 819-25 
Growth hormone. See Somatotropin. 
Guilt feelings in parents due to brain dam- 
age in children, 1957: Nov., 1038 


problems of, 


treatment, 
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Gums. See also Jaws; Teeth. 
gingivitis, 1956: Nov., 855-6; 1957: Aug., 
725 
necrotizing, acute. See Vincent’s in- 
fection. 
scorbutic, 1956: Nov., 857-8 
Guthrie-Pessel disease, 1956: Aug., 547 
Gynecologic aspects of sexual precocity, 
1958: Feb., 71-93 
Gynecologic complaints, due to nutritional 
disorders, 1958: Feb., 29 
in young girls, 1958: Feb., 29 
Gynecology, problems of, symposium on, 
1958: Feb., 1-149 
Gynecomastia. See Breast, hypertrophy. 


HAGEMAN factor. See under Blood, coagu- 
lation. 
Hair, body, growth of, generalized, preco- 
cious, 1958: Feb., 84-5 
pubic, development of, precocious, 1957: 
Nov., 886; 1958: Feb., 82-3 
removal, in tinea capitis, 1956: Aug., 566 
Hamartoma of lung, 1957: Feb., 93 
Handicapped. See also Blindness. 
community and, 1957: Aug., 757-62 
Handicaps, auditory, special education of 
children with, 1957: Aug., 747, 749 
chronic, in perinatal period, 1957: Aug., 
596 
due to anoxia, 1957: Aug., 599, 601 
due to chemical factors, 1957: Aug., 599 
due to endocrine factors, 1957: Aug., 600 
due to obstetrical factors, 1957: Aug., 600 
due to postmaturity, 1957: Aug., 601 
due to prematurity, prevention, 1957: 
Aug., 604 
due to radiation, 1957: Aug., 599 
emotional and social, 1957: Aug., 731-44 
genetic factors, 1957: Aug., 596 
mental, special education of children 
with, 1957: Aug., 748 
multiple, special education of children 
with, 1957: Aug., 749 
oral, 1957: Aug., 709-30 
orthopedic, special education of children 
with, 1957: Aug., 747, 755 
perinatal factors, 1957: Aug., 597 
prevention, 1957: Aug., 602 
importance of health supervision in, 
1957: Aug., 649-63 
perinatal factors in, 1957: Aug., 595- 
609 


symposium on, 1957: Aug., 593-762 
psychologic, muscular defects and, 1957: 
Aug., 703 
scope of problem, 1957: Aug., 596 
social and emotional, 1957: Aug., 731- 
44 


speech, special education of children with, 
1957: Aug., 748, 749 

training and education of children with, 
1957: Aug., 745-56 
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Handicaps, visual, special education of 
children with, 1957: Aug., 747, 755 
Hand-Schiiller-Christian syndrome. See 
Schiiller-Christian syndrome. 
Harelip, 1956: Nov., 995-1028, 
1957: Feb., 77, Aug., 710 
and cleft palate, associated defects, 1956: 
Nov., 1011 
management, perspectives in, 1956: 
Nov., 995-1028. See also Palate, 
cleft. 
surgical considerations, 1956: Nov., 
1029-47. See also Palate, cleft. 
bilateral, surgical repair, 1956: Nov., 
1036 
genetic counselling, 1958: May, 477-80 
in newborn, 1956: Nov., 850 
muscle imbalance, 1956: Nov., 1033 
risk-rate, 1956: Nov., 1025 
Head. See Brain; Cranium; Face; Neck; 
Scalp. 
Health. See also Disease; Hygiene. 
emotional, in cleft lip and cleft palate, 
1956: Nov., 1023 
supervision, importance in prevention of 
handicaps, 1957: Aug., 649-63 
Hearing. See also Ear. 
defects, 1957: Aug., 679-96 
special education of children with, 
1957: Aug., 747, 749 
loss of. See Deafness. 
speech development and, 


1033-8; 


1957: Aug., 
tests, 1957: Aug., 657 
bone conduction, 1957: Aug., 681 
by otologist, 1957: Aug., 690 
by pediatrician, 1957: Aug., 688 
conditioning, 1957: Aug., 690 
psychogalvanic skin resistance, 1957: 
Aug., 690 
speech reception, 1957: Aug., 690 
Hearing aids, 1957: Aug., 693 
Heart. See also Cardiovascular 
Endocardium. 
abnormalities, congenital, vs. idiopathic 
pulmonary hypertension, 1958: May, 
344 
Eisenmenger syndrome, clinical fea- 
tures, 1958: Nov., 999-1001 
diagnosis, 1958: Nov., 998-1001 
electrocardiogram in, 1958: Nov., 
893-4 
physiopathology, 1958: Nov., 998 
9 


system; 


symptoms, 1958: Nov., 999 
Fallot’s tetralogy, acyanotic, diagnosis, 
1958: Nov., 1004 


cine-angiocardiograms in, 1958: 

Nov., 970-73 

classic, diagnosis, 1958: Nov., 
1 = 


physical signs, 1958: Nov., 1002 
diagnosis, 1958: Nov., 1001-5 
electrocardiogram in, 1958: Nov., 

898-900 





4 AND 5 (1956, 1957 AND 1958) 


Fallot’s 


tetrology, 
extreme, diagnosis, 1958: Nov., 
1003-4 
Fallot’s trilogy, electrocardiogram in, 
1958: Nov., 900 
frequency, 1958: Nov., 1058 
in newborn, 1957: Feb., 65 


Heart, abnormalities, 


septal defect, cine-angiocardio- 
grams in, 1958: Nov., 962-5 
clinical features, 1958: Nov., 992- 


atrial 


4 
diagnosis, 1958: Nov., 991-4 
electrocardiogram in, 1958: Nov., 

891-2 
physiology, 1958: Nov., 992 

atrioventricular canal, common, per- 
sistent, 1958: Nov., 1011. See 
also Endocardial cushion de- 
fects. 
electrocardiogram _ in, 
Nov., 896-7 
atrioventricular septation, 
1958: Nov., 1012-14 
auscultation, 1958: Nov., 839-70 
block, congenital, diagnosis, 1958: Nov., 
984 
catheterization, 1958: Nov., 907-43 
arterial cannulation, 1958: Nov., 911 
12 
atrial puncture, left, 1958: Nov., 934- 
7 


1958: 


embryology, 


catheter, insertion of, 1958: Nov., 909 
12 
knotting of, 1958: Nov., 941 
manipulation of, 1958: Nov., 915-20 
size of, 1958: Nov., 911 


electrocardiographic monitor, 1958: 
Nov., 914-15 

equipment, 1958: Nov., 912-15 

fluoroscopic apparatus, 1958: Nov., 
913-14 

in endocardial cushion defects, 1958: 
Nov., 1022-5 


in Fallot’s tetralogy, 1958: Nov., 1003 

in hypoplastic aortic arch, 1958: Nov., 
1044 

in idiopathic pulmonary hypertension, 
1958: May, 342-3 

indications, 1958: Nov., 908 

morbidity, 1958: Nov., 938-41 

mortality, 1958: Nov., 938-41 

preparation of patients, 1958: Nov.., 


908-9 

pressure measurement, 1958: Nov., 
930-34 

pressure-recording apparatus, 1958: 
Nov., 914-15 


study methods, 1958: Nov., 920-29 
valve area calculation, 1958: Nov., 937 
vascular resistance, 1958: Nov., 937-8 
vein, choice of, 1958: Nov., 909-11 
ventricular puncture, left, 1958: Nov., 
934-7 

common trunk, electrocardiogram in, 

1958: Nov., 902-3 
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Heart, disease, congenital, acyanotic, cine- 


angiocardiograms in, 1958: 
Nov., 953-69 
definition and electrocardiographic 
characteristics, 1958: Nov., 885- 
94 
with left-to-right shunt, diagnosis, 
1958: Nov., 991-8 
brain damage due to, 1957: Nov., 
1031 
clinical picture correlated with 
physiologic observations, 1958: 
Nov., 981-1010 
correlation with murmurs, 1958: 
Nov., 1090 
cyanotic, cine-angiocardiograms in, 
1958: Nov., 969-76 
definition and electrocardiograph- 
ic characteristics, 1958: Nov., 
894-904 
with reversed or bidirectional 
shunt, diagnosis, 1958: Nov., 
998-1008 
diagnosis, 1958: Nov., 981-1010 
dwarfism due to, 1957: Nov., 945 
electrical axis in, 1958: Nov., 883-5 
electrocardiogram in, 1958: Nov., 
879-904 
frequency, 1958: Nov., 982-3 
general observations, 1958: Nov., 
982 
genetic counselling, 1958: May, 481 
, 


left-sided lesions, diagnosis, 1958: 
Nov., 984-8 
right-sided lesions, diagnosis, 1958: 
Nov., 988-91 
without a shunt, 1958: Nov., 983-91 
diagnosis, tools of, 1958: Nov., 839- 
979 
endomyocardial, primary, 1958: Nov., 


1057-85 

clinical manifestations, 1958: 
Nov., 1058-9 

differential diagnosis, 1958: Nov., 
1059-61 


frequency, 1958: Nov., 1057-8 
prognosis, 1958: Nov., 1061-2 
roentgen findings, 1958: Nov., 
1059 
treatment, 1958: Nov., 1061 
glycogen storage, 1958: Nov., 1076-9 
diagnosis, 1958: Nov., 1059, 1060 
vs. idiopathic pulmonary hyper- 
tension, 1958: May, 344 
in newborn, 1958: Nov., 1087-98 
treatment, 1958: Nov., 1095-6 
rheumatic, 1956: May, 399 
incidence, 1958: Nov., 1144 
treatment, 1958: Nov., 1099-1159 
displacement, dextrocardia, diagnosis, 
1958: Nov., 983 
electrical axis, in congenital heart dis- 
ease, 1958: Nov., 883-5: 
electrical position, 1958: Nov., 879 


Heart, electrocardiography, /958: Nov., 


871-905 
in anomalous left coronary artery, 
1958: Nov., 1074-5 
in atrial septal defect, 1958: Nov., 994 
in coarctation of aorta, 1958: Nov., 
987 
in congenital heart disease, 1958: Nov., 
879-904 
in Ebstein’s disease, 1958: Nov., 991 
in Eisenmenger’s syndrome, /9538: 
Nov., 1000 
in endocardial cushion defects, 1958: 
Nov., 1019-22 
in endocardial fibroelastosis, 1958: 
Nov., 1067-72 
anatomic types, 1958: Nov., 1068- 
9 


cardiac failure, 1958: Nov., 1070 
chamber involvement, 1958: Nov., 


1069 
course of disease, 1958: Nov., 
1069-70 
in Fallot’s tetralogy, 1958: Nov., 1002- 


3 

in glycogen storage disease of heart, 
1958: Nov., 1077-9 

in hypokalemia, 1957: Feb., 302 

in hypoplastic aortic arch, 1958: Nov., 
1046, 1047 

in idiopathic pulmonary hypertension, 
1958: May, 341 

in infectious mononucleosis, 1957: 
Feb., 132 

in myocarditis, 1958: Nov., 1081-2 

in newborn, 1958: Nov., 1095 

in normal child, 1958: Nov., 871-9 

in patent ductus arteriosus, 1958: 
Nov., 997 

in pulmonary stenosis with normal 
aortic root, 1958: Nov., 990 

in transposition of great vessels, 1958: 
Nov., 1111 

in ventricular septal defect, /958: 
Nov., 996 

P congenitale, 1958: Nov., 879-80 

P wave, 1958: Nov., 873-4 

P-R interval, in congenital heart dis- 

ease, 1958: Nov., 880-81 
in normal child, 1958: Nov., 871 
3 


lengthening, 1958: Nov., 872-3 
shortening, 1958: Nov., 872 
significance, 1958: Nov., 872 
T wave, 1958: Nov., 876-8 
ventricular complex, 1958: Nov., 874 
6 
duration, 1958: Nov., 874 
in precordial leads, 1958: Nov., 
874-6 
mean manifest electrical axis, 
1958: Nov., 874 
ventricular repolarization, 1958: Nov., 
878-9 
enlargement. See Heart, hypertrophy. 
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Heart, failure. See Heart, insufficiency. Heart, murmurs, in ventricular septal de- 
fetal, electrocardiography, 1958: May, fect, 1958: Nov., 996 
269-71 regurgitant, aortic, 1958: Nov., 868-9 
great vessels, transposition, 1958: Nov., pansystolic, 1958: Nov., 857-61 
1109-23 pulmonary, 1958: Nov., 868-9 
cine-angiocardiograms in, 1958: systolic, 1958: Nov., 853-63 
Nov., 961-2 atrial, 1958: Nov., 866-8 


complete, 1958: Nov., 1110 

diagnosis, 1958: Nov., 1006-7, 
1111-18 

diagnostic considerations and sur- 
gical therapy, 1958: Nov., 
1109-23 

electrocardiogram in, 1958: Nov., 
900-901 

partial, 1958: Nov., 1110 

Taussig-Bing complex, 1958: Nov., 
1110 

treatment, surgical, 1958: Nov., 
1118-22 

hypertrophy, congenital, diagnosis of, 
1958: Nov., 983 

in newborn, 1958: Nov., 1092-3 


hypoplastic syndrome, left, 1958: Nov., 


1029-56 
incidence, 1958: Nov., 1030-31 
pathogenesis, 1958: Nov., 1031-2 


insufficiency, 1958: Nov., 1125-41 


causes, specific, treatment, 1958: Nov., 
1138-9 
clinical manifestations, 1958: Nov., 
1126-8 
congestive, in newborn, 1958: Nov., 
1093-4 
treatment, 1958: Nov., 1095 
effect on electrocardiogram in endo- 
cardial fibroelastosis, 1958: Nov., 
1070 
etiology, 1958: Nov., 1128-9 
in hemolytic disease of newborn, 1957: 
May, 389 
physiology, 1958: Nov., 1125-6 
treatment, 1958: Nov., 1129-39 
with edema, 1958: May, 407 
murmurs, Carey Coombs, 1958: Nov., 
865 


diastolic, 1958: Nov., 863-9 
ejection, midsystolic, 1958: Nov., 853- 
7 


in aortic stenosis, 1958: Nov., 987 

in atrial septal defect, 1958: Nov., 993, 
994 

in coarctation of aorta, 1958: Nov., 
986, 987 

in endocardial cushion defects, 1958: 
Nov., 1018 

in newborn, 1958: Nov., 1089-91 

in patent ductus arteriosus, 1958: 
Nov., 997 

in pulmonary stenosis with normal 
aortic root, 1958: Nov., 989 

in rheumatic fever, development of, 
1958: Nov., 1144-6 

in transposition of great vessels, 1958: 
Nov., 1111 


innocent, 1958: Nov., 861-3 
ventricular filling, 1958: Nov., 864-6 
normal, in newborn, roentgen findings, 

1957: Feb., 31 
output, determination in cardiac cath- 
eterization, 1958: Nov., 925-6, 927 
rate, 1958: Nov., 872 
in newborn, 1958: Nov., 1094 
roentgen findings, in atrial septal defect, 
1958: Nov., 994 
in coarctation of aorta, 1958: Nov., 
987 
in Ebstein’s disease, 1958: Nov., 
991 
in Eisenmenger’s syndrome, 1958: 
Nov., 1000 
in Fallot’s tetralogy, 1958: Nov., 
1003 
in hypoplastic aortic arch, 1958: 
Nov., 1047, 1048 
in patent ductus arteriosus, 1958: 
Nov., 998 
in pulmonary stenosis with normal 
aortic root, 1958: Nov., 990 
in transposition of great vessels, 
1958: Nov., 1112 
in ventricular septal defect, 1958: 
Nov., 996, 997 
sounds, atrioventricular valve opening, 
1958: Nov., 852-3 
ejection, 1958: Nov., 849-51 
first, 1958: Nov., 839-49 
in atrial septal defect, 1958: Nov., 993 
in Eisenmenger syndrome, 1958: Nov., 
1000 
in endocardial cushion defects, 1958: 
Nov., 1018 
in pulmonary stenosis with normal 
aortic root, 1958: Nov., 989, 990 
in ventricular septal defect, 1958: Nov., 
996 
second, 1958: Nov., 839-49 
systolic, 1958: Nov., 853-63 
ventricular filling, 1958: Nov., 851-2 
ventricle, left, diastolic overloading of, 
1958: Nov., 882-3 
systolic overloading of, 1958: Nov., 
882 


right, diastolic overloading of, 1958: 


Nov., 882 
systolic overloading of, 1958: Nov., 
881-2 
single, electrocardiogram in, 1958: 
Nov., 903-4 


ventricular fibrillation, due to hypo- 
thermia, 1958: Nov., 1103 

ventricular hypertrophy and overload- 
ing, 1958: Nov., 881 
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Heart, ventricular septal defect, cine-angio- 
cardiograms in, 1958: Nov., 
956-7 
clinical features, 1958: Nov., 996-7 
diagnosis, 1958: Nov., 995-7 
electrocardiogram in, 1958: Nov., 
887-8 
physiology, 1958: Nov., 995-6 
Heat. See also Burns. 
exhaustion, 1956: Aug., 795 
rash. See Miliaria. 
Height. See Body, height. 
Heliotherapy in acne vulgaris, 1956: Aug., 
731 
Heller’s disease. See Dementia infantilis. 
Hemangio-endothelioma. See under Tum- 
ors, angioendothelioma. 
Hemangioma, laryngeal, 1957: Feb., 79 
Hematocrit values, birth to 12 years, 1957: 
May, 358 
correlation with hemoglobin values and 
red blood cell counts, 1957: May, 
363 
in iron deficiency anemia, 1957: May, 
489, 490 
Hematology. See also Blood. 
diagnostic principles, 1957: May, 347-56 
symposium on, 1957: May, 323-562 
Hematoma, subdural. See under Meninges, 
hemorrhage. 
Hemoglobin, concentration, in iron defi- 
ciency anemia, 1957: May, 489, 490 
content, reduction by exchange transfu- 
sion, 1957: May, 384 
count, in erythema multiforme, 
Aug., 775 
fetal, 1957: Feb., 6, May, 335 
in transport of oxygen in blood, 1957: 
Feb., 6 
increases after transfusion, 1957: May, 
557 
types, 1957: May, 335 
values, birth to 6 years, 1957: May, 361 
birth to 12 years, 1957: May, 358 
correlation with hematocrit and red 
blood cell counts, 1957: May, 363 
in chronic anemia, 1957: May, 557 
normal, 1957: May, 359 
Hemoglobinuria, cold, paroxysmal, 1957: 
May, 441 
Hemolysin test in ABO hemolytic disease, 
1957: May, 422, 423 
Hemolysis, increased, indications of, 1957: 
May, 431 
Hemolytic anemia, congenital, 
due to, 1957: May, 401 
Hemolytic disease, ABO, 1957: May, 405- 
28 


1956: 


jaundice 


heterospecific pregnancy and, 1957: 
May, 405-28 
anemia due to, 1957: May, 348 
compensated, 1957: May, 430 
decompensated, 1957: May, 430 
fetal protective mechanisms, 
May, 407 
genetics, 1957: May, 334 


1957: 


1195 


Hemolytic disease of newborn, 1957: May, 

381, 383-403 

A-B, 1957: May, 399 

diagnosis, 1957: May, 353 

due to anti-A and anti-B antibodies, 
1957: May, 416-27. See also 
Hemolytic disease, ABO. 

due to rare blood factors, 1957: 
May, 397 

due to Rh incompatibility, preven- 
tion of, 1958: May, 275-6 

early delivery in prevention of fetal 
death from, 1958: May, 279-85 

exchange transfusion in, 1957: May, 


vs. ABO hemolytic disease, 1957: 
May, 426 
vs. fetal hemorrhage, 1957: May, 378 
Hemolytic-uremic syndrome, acute, 1957: 
May, 465 
Hemophilia, 1957: May, 533-42 
classic, 1957: May, 533-9 
genetics, 1957: May, 342 
hemophilia A. See Hemophilia, classic. 
hemophilia B. See Plasma thromboplas- 
tin component deficiency. 
hemophilia C. See Plasma thromboplas- 
tin antecedent deficiency. 
mild, 1957: May, 539 
vascular, 1957: May, 539-40 
vs. thrombopenia, 1957: May, 348 


Hemophilus influenzae meningitis, 1956: 
May, 381 
Hemorrhage. See also Hemophilia; Pur- 
pura. 


acute, blood transfusion in, 1957: May, 
558 
anemia due to, 1957: May, 348, 371-6. 
See also Anemia(s), of hemor- 
rhage. 
laboratory tests, 1958: May, 355-6 
anorectal, 1956: Feb., 16 
anterior chamber, 1958: Feb., 214-15 
as indication for operation in ulcerative 
colitis, 1956: Feb., 160 
birth, cerebral palsy due to, 1957: Nov., 


complicating acute leukemia, 1957: May, 
503, 504 
complicating fracture of jaw, 1956: Nov., 


due to intraoral laceration, 1956: Nov., 
913 

estrogen-deprivation, 1958: Feb., 3, 4 

fetal, concealed or mistaken, 1957: May, 
376-9 

petechial, in mouth of newborn, 1956: 
Nov., 849 

postnatal, 1957: May, 379 

prenatal, in etiology of epilepsy, 1957: 
Nov., 1066, 1067 

protracted, blood transfusion in, 1957: 
May, 559 

rectal, 1956: Feb., 207-14. See also 
Rectum, bleeding from. 

subconjunctival, 1958: Feb., 213-14 








1196 
Hemorrhage, uterine, functional. See Men- 
struation. 
vaginal, in etiology of epilepsy, /957: 
Nov., 1064 


precocious, 1958: Feb., 83-4 
vitreous, 1958: Feb., 216 
Hemorrhagic disease of newborn, 
May, 543 
Hemorrhagic disorders, 1957: May, 531-49 
Hemorrhoidal veins, 1956: Feb., 8 
Hemorrhoids, 1956: Feb., 116-17 
Henderson-Hasselbalch equation, 
Feb., 7 
Hepatitis, from blood bank transfusions, 
1957: May, 552 
infectious, immunization, passive, 1957: 
Aug., 623 
vs. infectious 
Feb., 133 
neonatal, vs. ABO hemolytic disease, 
1957: May, 426 
Heredity. See also Genetics. 
deafness due to, 1957: Aug., 683, 687 
in asthma, 1/958: Aug., 735 
in atopic dermatitis, 1956: Aug., 601 
in epilepsy, 1957: Nov., 1062 
in leukemia, 1957: May, 499 
Hermaphroditism, 1957: Nov., 905-24 
due to blight, 1957: Nov., 905 


1957: 


1957: 


mononucleosis, 1/957: 


pseudohermaphroditism, female, /958: 
Feb., 130-33 

chromosomal sex tests in, 1/958: 
May, 381-6 

due to adrenocortical hyperfunc- 


tion, 1958: May, 381-6 
with normal adrenal function, 1958: 
May, 386 
male, 1958: Feb., 121-6 
chromosomal sex tests in, 
May, 380-81 
treatment, 1958: May, 390-91 
true, 1957: Nov., 907-908; 1958: Feb., 
121 
chromosomal sex tests in, 1958: May, 
386 
treatment, 1958: May, 390-91 
vaginal urethra type, 1957: Nov., 908-9 
with multiple anomalies, 1/957: Nov., 
909-10 
Hernia, diaphragmatic, 1957: Feb., 95 
congenital, in newborn, roentgen diag 
nosis, 1957: Feb., 43 
in newborn, 1957: Feb., 66 
retroperitoneal, 1956: Feb., 6 
relation to colon, 1956: Feb., 5 
Herpangina. See under Throat, infections. 
Herpes simplex, 1956: Aug., 528-37 


1958: 


erythema multiforme due to, /956: 
Aug., 780 
infections, classification, 1956: Aug., 


530 

recurrent, 1956: Aug., 532 

traumatic, 1956: Aug., 531 

vs. aseptic meningitis, ]958: May, 318, 
319 
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Herpes simplex vs. streptococcal infection 
1957: Feb., 144 
Herpes zoster, 1956: Aug., 538-41 
Heterochromia, congenital, 1958: Feb., 179 
Heterophoria. See Strabismus, latent. 
Heterotropia. See Strabismus, manifest. 
Heterozygosity, 1957: May, 326 
Hexachloraphene in care of skin of new- 
born, 1958: May, 296 
Hexylresorcinol in whipworm 
1956: Feb., 180 
Hip, dislocation, 1957: Aug., 653 
Hirschsprung’s disease. See Colon, mega 
colon. 
Histoplasmosis, 
584-5 
diagnosis, 1956: May, 358 
treatment, 1956: May, 365 
vs. acute leukemia, 1957: May, 506 
History, family, in epilepsy, 1/957: Nov., 
1063 
in diagnosis, of bronchopulmonary dis- 
eases, 1957: Feb., 231 
of pelvic diseases, 1958: Feb., 95 6 
pediatric, general, in epilepsy, 1/957: 
Nov., 1069 
Hives. See Urticaria. 
Hobbies, contact dermatitis due to, 1956: 
Aug., 655 
Hodgkin’s disease vs. acute leukemia, /957: 
May, 506 
Homatropine in chemical burns of eyes, 
1958: Feb., 223 
Home training in mental retardation, /958: 
Aug., 678, 679 
Homozygosity, 1957: May, 326 


infection, 


1956: May, 417, Aug., 


Hormones. See also Endocrine glands; 
Endocrinology; and under specific 
glands. 


adrenal cortex, 1957: Nov., 962 
adrenocortical. See also Cortisone. 
in acute leukemia, 1957: May, 509 
clinical remissions, 1957: May, 
510 
regimen for, 1957: May, 513 
remissions, 1957: May, 514 
results, 1957: May, 515 
mode of action, 1957: May, 509 
relation to lymphatic system, 
May, 509 
adrenocorticotropic, 1957: Nov., 961 


1957: 


disturbances of, in sexual precocity, 
1957: Nov., 970 

gonadal, 1957: Nov., 969 

growth. See Somatotropin. 

growth regulation by, /957: Nov., 
926 

influence on female genitals, /958: Feb., 
3-4 


lactogenic. See Mammogen. 

masculinization due to, 1957: Nov., 919 
20 

melanocyte-stimulating, 1957: Nov., 962 

pancreatic, 1957: Nov., 974 

parathyroid, 1957: Nov., 973 
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Hormones, pituitary, in laboratory diag- 
nosis of endocrinology, 1957: Nov., 
960 
posterior, 1957: Nov., 962 
selective effect on organ of response in 
acne vulgaris, 1956: Aug., 721 
tests in intersexuality, 1957: Nov., 921 
therapy, in acne vulgaris, 1956: Aug., 732 
in status asthmaticus, 1957: Feb., 304, 


in ulcerative colitis, 1956: Feb., 158 
relation to antibiotic therapy, 1956: 
May, 231 
thyroid, 1957: Nov., 971 
thyrotropic, 1957: Nov., 961 
Hospitalization for ulcerative colitis, 1956: 
Feb., 157 
Hospitals, nursery, environment of, in neo- 
natal infections, 1958: May, 292, 
295 
personnel of, neonatal infections and, 
1958: May, 297 
premature, recommendations for use 
of oxygen in, 1958: Feb., 246 
Host-drug-pathogen interactions, 
May, 230 
Host factors, affecting prognosis in tuber- 
culosis, 1957: Feb., 259 
in incidence of common cold, 1957: 
Feb., 105 
House dog disease, 1957: Feb., 194 
House dust extract in respiratory allergy, 
1957: Feb., 289 
Humoral defense mechanisms of fetus, 
1958: May, 274 
Hurler’s syndrome. See Gargoylism. 
Hyaline membranes, /957: Feb., 12, 13 
in newborn, 1957: Feb., 59, 60, 61 
roentgen diagnosis, 1957: Feb., 32 
syndrome, in neonatal mortality, 1958: 
May, 267, 268 
Hydantoin, methyl-phenyl-ethyl, in epilepsy, 
1957: Nov., 1082, 1084 
Hydantoin compounds in behavior dis- 
orders, 1958: Aug., 588-9 
Hydrarthrosis, intermittent, 
Hip, synovitis, transient. 
Hydration-petrolatum technique in atopic 
dermatitis, 1956: Aug., 618 
Hydroa aestivale. See Hydroa vacciniforme. 
Hydroa puerorum. See Hydroa_ vaccini- 
forme. 
Hydroa vacciniforme, 1956: Aug., 692-3, 
813 
Hydrocarbon pneumonitis, 1957: Feb., 243- 
53. See also under Pneumonitis. 
Hydrocarbon products, ingestion of, mor- 
bidity, 1957: Feb., 249 
Hydrocephalus, due to Aminopterin, 1957: 
Nov., 986 
infantile, 1957: Nov., 1027-8 
Hydrochloric acid in rectal procidentia, 
1956: Feb., 119 
17-Hydrocorticoid production, 
1958: May, 409-10 


1956: 


of hip. See 


excessive, 
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Hydrocortisone, 1957: Nov., 892, 893 
in acute leukemia, 1957: May, 513, 
520 
in atopic dermatitis, 1956: Aug., 621 
in chemical burns of eyes, 1958: Feb., 
223 
in contact dermatitis, 1956: Aug., 661, 
765 
in croup, 1957: Feb., 179 
in eczematous dermatitis, 
756 
in erythema multiforme, 1956: Aug., 778 
in lichen simplex chronicus, 1956: Aug., 
751 
in nummular eczema, 1956: Aug., 752 
in otitis externa, 1956: Aug., 517 
in seborrheic dermatitis, 1956: Aug., 748, 
749 
in status asthmaticus, 1957: Feb., 301 
in sympathetic ophthalmia, 1958: Feb., 
220 
in tuberculous meningitis, 1957: Nov., 
1019 
in Waterhouse-Friderichsen 
1956: May, 392, 393 
Hydrogen ion concentration, increased, in 
respiration, 1957: Feb., 4 
Hydrogen peroxide, for verruca vulgaris, 
1956: Nov., 886 
in papillary hypertrophy of tongue, 
1956: Nov., 929 
Hydrophobia. See Rabies. 
Hydrosalpinx, 1958: Feb., 102 
Hydroureter. See under Ureters. 
17-Hydroxycorticosteroids, plasma, 
Nov., 964 
17-Hydroxycorticosterone. See Hydrocorti- 
sone. 
Hydroxyprogesterone caproate in endome- 
trial hyperplasia, 1958: Feb., 58 
Hydroxyzine in behavior disorders, /958: 
Aug., 583-4 
Hygiene. See also Health. 
of menstruation, 1958: Feb., 61-2 
Hygroma, cystic, 1957: Feb., 83 
salivary gland, 1956: Nov., 941 
Hygroma colli congenitum, 1956: Nov., 890 
Hymen in immaturity, 1958: Feb., 9-10 
Hymenectomy, /958: Feb., 9, 10 
Hymenorrhaphy, 1958: Feb., 10 
Hypaque. See Diatrizoate sodium. 
Hyperactivity. See under Activity. 
Hyperadrenocorticism, 1957: Nov., 899 
903 
classification, 1957: Nov., 965 
Hyperbilirubinemia. See under Blood, bili- 
rubin. 
Hypercalcemia. See under Blood, calcium. 
Hypercalcuria, idiopathic, 1958: May, 438 
Hyperemesis gravidarum. See Pregnancy, 
vomiting in. 
Hyperglobulinemia. See Hyperproteinemia 
Hyperglycemia. See under Blood, sugar. 
Hyperglycinuria, rickets with, 1958: May, 
437 


1956: Aug., 


syndrome, 


1957: 
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Hyperkinesis in brain-damaged children, 
1958: Aug., 688, 689, 690 
Hyperlipemia. See under Blood, lipids. 
Hypernatremia, 1957: Nov., 1028 
Hyperopia, 1957: Aug., 670 
Hyperplasia, adrenocortical. See Adrenals, 
cortex, hyperplasia. 
Hyperplasia endometrii, 1958: Feb., 57-8 
Hyperpnea. See Respiration, hyperventila- 
tion. 
Hypersensitivity. See under Allergy. 
Hypersplenism. See Splenomegaly. 
Hypertelorism, 1957: Feb., 75 
Hypertension. See also Blood pressure, 
high. 
pulmonary, idiopathic, 1958: May, 337- 
52 


Hypertensive disease, renal function, uni- 
lateral, tests of, 1958: May, 365-7 
Hypertonic child, 1957: Aug., 733 
Hyperventilation. See under Respiration. 
Hypnalgia, 1958: Aug., 639 
Hypoalbuminemia. See Hypoproteinemia. 
Hypocalcemia. See under Blood, calcium. 
Hypogammaglobulinemia, relation to pneu- 
mocystis pneumonia, 1958: May, 333 
Hypoglycemia. See under Blood, sugar. 
Hypogonadism. See Genitals, infantilism. 
Hypokalemia. See under Blood, potassium. 
Hypokinesis in brain-damaged children, 
1958: Aug., 690 
Hypophosphatasia, 1958: May, 438 
Hypophysis cerebri. See Pituitary body. 
Hypoproteinemia, idiopathic, 1958: May, 
407, 408 
Hypospadias, 1957: Nov., 911 
Hyposuprarenalism. See Addison’s disease. 
Hypotension. See Blood pressure, low. 
Hypothalamic infantilism, 1957: Nov., 837 
Hypothermia. See Cold, therapeutic use. 
Hypothyroidism, 1956: Aug., 821; 1957: 
Nov., 1023-4. See also Cretinism; 
Myxedema. 
dwarfism due to, 1957: Nov., 934-6 
goitrous, 1957: Nov., 849-61 
familial, 1957: Nov., 865 
vs. infantile hypothyroidism, 
Nov., 868 
infantile, 1957: Nov., 863-72 
diagnosis and treatment, 1957: Nov., 
863-72 
treatment, 1957: Nov., 1024 
Hypotonia in cerebral palsy, 1957: Nov., 
1008 
Hypoventilation. See under Respiration. 
Hypoxia. See Oxygen, deficiency. 


1957: 


IATROGENIC. See Physicians. 

Ichthyol. See Sulfonated bitumen. 

Ichthyosis, 1956: Aug., 688-90 
congenital, 1956: Aug., 713-16 

Ichthyosis congenita, 1956: Aug., 689 

Ichthyosis cornea. See Keratosis pilaris. 

Ichthyosis follicularis, 1956: Aug., 690 
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Ichthyosis hystrix, 1956: Aug., 689 
Ichthyosis hystrix linearis, 1956: Aug., 689 
Ichthyosis nacree, 1956: Aug., 689 
Ichthyosis nigricans, 1956: Aug., 689 
Ichthyosis nitida, 1956: Aug., 689 
Ichthyosis sauroderma, 1956: Aug., 689 
Ichthyosis sebacea, 1956: Aug., 690 
Ichthyosis serpentina, 1956: Aug., 689 
Ichthyosis simplex, 1956: Aug., 688 
Icterus. See Jaundice. 

Id reactions, immunology and, 1956: Aug., 
585 

Idiocy, amaurotic, macular degeneration 

due to, 1958: Feb., 199 

diagnosis, dermal configurations in, 1958: 
May, 531-43 

genetic counselling in, 1958: May, 487 

Ileal membrane, Lane’s, 1956: Feb., 4 

lleitis, backwash, 1956: Feb., 154, 165 

Ileoappendicular fossa, 1956: Feb., 7 

Ileocecal fossa, 1956: Feb., 7 

Ileum duplex. See Intestines, duplications. 

Illness. See Disease. 

Ilotycin. See Erythromycin. 

Immaturity, emotional, in brain-damaged 
children with behavior problems, 1957: 
Nov., 1052 

Immunity. See also Antibodies; and under 

specific diseases. 
acquired, passive, 1957: Aug., 611, 613 
Immunization, 1957: Aug., 650. See also 
Vaccination; and under specific dis- 
eases. 
active, contraindications, 1957: Aug., 615 
precautions, 1957: Aug., 615 
schedule for infants, 1957: Aug., 614 
techniques, 7957: Aug., 615 
type of product, 1957: Aug., 615 
in bronchopulmonary disease, 1957: Feb., 
240 
passive-active, 1957: Aug., 613 
primary, of children not immunized in 
infancy, 1957: Aug., 618 
procedures, 1957: Aug., 611-33 
active, 1957: Aug., 613 
special, 1957: Aug., 623, 624 
time of administration, 1957: Aug., 
613 
combined, routine, 1957: Aug., 617 
passive, 1957: Aug., 623 
summary, 1957: Aug., 627 


routine, situations deterring, 1957: 
Aug., 618 
separate, 1957: Aug., 619 
Immunology and “id” reactions, 1956: 
Aug., 585 
Impetigo, furfuraceous, classification, 1956: 
Aug., 507 


treatment, 1956: Aug., 516 
of newborn, classification, 1956: Aug., 
506 
treatment, 1956: Aug., 51 
Impetigo contagiosa, classification, 1956: 
Aug., 505 
treatment, 1956: Aug., 514 
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Impulsiveness in brain-damaged children 
with behavior problems, 1957: Nov., 1051 
Incisor. See under Teeth. 
Inclusion cyst. See Intestines, duplications. 
Incontinentia pigmenti, 1956: Aug., 702-5 
Naegeli type, 1956: Aug., 704 
Incubus. See Nightmares. 
Independence, achievement, in adolescents, 
1958: Aug., 777 
Indicator-dilution techniques in cardiac 
catheterization, 1958: Nov., 926-9 
Infancy, health supervision during, 1957: 
Aug., 653 
personality development in, 1957: Aug., 
735 
Infantile hypothyroidism, 1957: Nov., 863- 
72. See also under Hypothyroidism. 
Infantilism, genital, problems of, investi- 
gation and treatment, 1957: Nov., 
827-47. See also Genitals, infantilism. 
pituitary, primary. See also Dwarfism, 
pituitary. 
dwarfism as feature of, 1957: Nov., 
928-9 
fractional, 1957: Nov., 839 
sexual. See Genitals, infantilism. 
Infantilization due to brain damage, 1957: 
Nov., 1039 
Infection, anemias due to, 1957: May, 469- 
71. See also under Anemia(s). 
laboratory tests, 1958: May, 354 
complicating acute leukemia, 1957: May, 
504 
due to cardiac catheterization, 1958: 
Nov., 940 
due to exchange transfusion, 1957: May, 
385 
encephalitis complicating, 
1023 
handicaps due to, 1957: Aug., 598 
in atopic dermatitis, 1956: Aug., 603 
in diabetes mellitus, 1957: Nov., 814 
intercurrent, in prognosis of tuberculosis, 
1957: Feb., 260 
intestinal, vs. intoxication, 1956: Feb., 
143 
intrauterine, 
294-5 
neonatal. See under Newborn. 
oral, 1957: Aug., 724 
diagnosis and management, 1956: Nov., 
871-84 
in newborn, 1956: Nov., 851 
parenteral, diarrhea complicating, 1956: 
Feb., 141 
periapical, 1956: Nov., 859-60 
pinworm. See Oxyuriasis. 
predisposing to leukemia, 1957: May, 500 
prevention of, in prevention of muscular 
defects, 1957: Aug., 702 
resistant to antibiotics, 
1956: May, 348 
respiratory. See under Respiratory tract. 
role in iron deficiency anemia, 1957: 
May, 487 


1957: Nov., 


management, 1958: May, 


management, 
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Infection, salivary gland, 1956: Nov., 933- 
42. See also Salivary gland infection. 
secondary, in contact dermatitis, 1956: 
Aug., 661 
to diaper dermatitis, 1956: Aug., 761 
size of, as prognostic factor in tubercu- 
losis, 1956: May, 428 
treatment, in bronchopulmonary disease, 
1957: Feb., 236 
tuberculous, age of, in prognosis of pri- 
mary lesion, 1957: Feb., 260 
urinary. See under Urinary tract. 
urticaria due to, 1956: Aug., 786 
Vincent’s, 1956: Nov., 856-7 
vulvovaginal, 1958: Feb., 40-44 
whipworm, 1956: Feb., 178 
with predominantly oral manifestations, 
1956: Nov., 871 
Infectious diseases, cataract due to, 1958: 
Feb., 169, 170 
not primarily involving the mouth, 
oral manifestations, 1956: Nov., 879 

Inflammation of skin, 1956: Aug., 692 

Influenza, diagnosis, 1956: May, 354 
vs. pharyngoconjunctival fever, 

Feb., 125 

INH. See Isoniazid. 

Inheritance. See also Heredity. 
dominant, 1957: May, 326 
recessive, 1957: May, 327 
sex-linked, 1957: May, 329 

Inhibin in gonadal function, 1957: Nov., 
830, 834 

Injuries. See also Accidents; Burns; Trauma; 

and under specific organ or region. 
accidents and children, 1957: Aug., 635- 
47 
birth, of mouth, in newborn, 1956: Nov., 


1957: 


Insecticides, 1956: Aug., 636 
Institutionalization, in mental retardation, 
1958: Aug., 677 
in schizophrenia, 1958: May, 508 
of children with brain damage, 1957: 
Nov., 1046 
Insulin. See also Diabetes mellitus. 
in diabetes mellitus, 1957: Nov., 807 
administration, 1957: Nov., 810 
lente insulin, in diabetes mellitus, 1957: 


Nov., 808 
protamine zinc, in diabetes mellitus, 1957: 
Nov., 808 


tolerance tests, 1957: Nov., 977 
Insulinase, 1957: Nov., 809 
Interatrial septal defect, electrocardio- 
gram in, 1958: Nov., 891-2 
Intercolic membranes, 1956: Feb., 5 
Intersexuality, 1957: Nov., 905-24. See also 
Hermaphroditism. 
Intersigmoid fossa, 1956: Feb., 7 
Interstitial cell-stimulating hormone in 
gonadal function, 1957: Nov., 830, 834 
Interstitial cell tumor, 1957: Nov., 881 
Intertrigo vs. diaper dermatitis, 1956: Aug., 
762 
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Intestines. See also Appendix; Colon; 
Feces; Gastrointestinal tract; etc. 
diverticula, Meckel’s, rectal bleeding due 

to, 1956: Feb., 211 
vs. peritonitis, primary, 1958: Feb., 
1 


00 

duplications, 1956: Feb., 85-7 

in newborn, 1956: Nov., 848 

rectal bleeding due to, 1956: Feb., 210 
intoxication, treatment, 1956: Feb., 146 

vs. infection, 1956: Feb., 143 
large, malignancy, 1956: Feb., 105-8 
obstruction, as symptom of polyp, 1956: 


Feb., 96 
vs. peritonitis, primary, 1958: Feb., 
100 
parasitoses, protozoan and metazoan, 


1956: Feb., 169-90 
small, involvement in ulcerative colitis, 
effect on prognosis, 1956: Feb., 165 
volvulus, 1956: Feb., 84 
rectal bleeding due to, 1956: Feb., 211 
roentgen study, 1956: Feb., 36 
Intoxication, intestinal. See under Intestines. 
Intra-abdominal bands or membranes, 1956: 
Feb., 4 
Intra-alveolar hemorrhage. See 
Lungs, hemorrhage. 
Intrapelvic complications, 1958: Feb., 95- 
110. See also Pelvis, diseases. 
Intraventricular hemorrhage in newborn, 
1957: Feb., 55, 56 
Intussusception, rectal 
1956: Feb., 211 
roentgen study, 1956: Feb., 50 
sigmoid, recurrent, chronic, rectal bleed- 
ing due to, 1956: Feb., 212 
vs. peritonitis, primary, 1958: Feb., 99 
vs. rectal procidentia, 1956: Feb., 117, 


under 


bleeding due to, 


118 

Iodine, butanol-extractable, 1957: Nov., 
972 

in goitrous hypothyroidism, 1957: 
Nov., 856 
in infantile hypothyroidism, 1957: 
Nov., 867 


excretion, urinary, 1958: May, 360 
in corneal abrasion, 1958: Feb., 211 
in tinea capitis, 1956: Aug., 565 
in tinea circinata, 1956: Aug., 569 
protein-bound, 1957: Nov., 972 
in goitrous hypothyroidism, 
Nov., 856 
in hypothyroidism, 1957: Nov., 1024 
in infantile hypothyroidism, 1957: 
Nov., 867 
radioactive, 1957: Nov., 972 
uptake in infantile hypothyroidism, 
1957: Nov., 868 
serum hormonal values, 1957: Nov., 867 
Iodized oil test in fibrocystic disease of pan- 
creas, 1957: Feb., 235, 236 
Iodochlorhydroxyquin, in cradle cap, 1956: 
Aug., 748 
in eczematous dermatitis, 1956: Aug., 756 
in trichomoniasis, vaginal, 1958: Feb., 45 


1957: 
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Ions, defective handling by renal tubules. 
calcium depletion due to, 1958: May, 438 
Ipecac in asthma, 1957: Feb., 298 
Iproniazid. See also Isoniazid. 
in behavior disorders, 1958: Aug., 588 
toxicity, 1958: Aug., 590 
Iridocyclitis. See Uveitis, anterior. 
Iritis, 1958: Feb., 173 
Iron administration, effect on hemoglobin 
levels, 1957: May, 362 
in anemia, 1957: May, 492, 493 
prophylactic, 1957: May, 491 
deficiency, anemia of. See under Anemia. 
enhanced requirement for, role in anemia, 
1957: May, 484 
loss, role in anemia, 1957: May, 485 
stores, role in anemia, 1957: May, 485 
Irradiation. See Radiation; Roentgen. 
Irritability in brain-damaged children with 
behavior problems, 1957: Nov., 1051 
Irritants, removal, in contact dermatitis, 
1956: Aug., 662 
Irritation fibroma of mouth, 1956: Nov., 
887 
Irritation hyperplasia of cheek, 1956: Nov., 
887 
Iso-immunization, blood transfusion _ in, 
1957: Aug., 607 
Isolation in neonatal infections, 1/958: May, 
293-4 
Isoniazid, absorption, 1956: May, 250 
administration, 1956: May, 251 
applied pharmacology, 1956: May, 249 
52 
chemistry, 1956: May, 250 
distribution, 1956: May, 250 
dosage, 1956: May, 251 
excretion, 1956: May, 250 
in meningit's, 1956: May, 251, 435 
in tuberculosis, 1956: May, 251, 365, 429, 
432, 434; 1957: Feb., 265, 266, Nov.., 
1018 
in tuberculous meningitis, 
1017, 1019 
pharmacodynamic action, 1956: May, 250 
toxicity, 1956: May, 251 
Isonicotinic acid hydrazide. See Isoniazid. 
Isopropylarterenol in bronchopulmonary 
disease, 1957: Feb., 240 
Isuprel. See Isopropylarterenol. 
Itch, jockey. See Tinea cruris. 
swimmer’s. See Dermatitis, cercarial. 
Ivy poisoning. See Rhus dermatitis. 


1957: Nov., 


JACKSON'S membrane, 1956: Feb., 4 
Jacquet, erythema of, 1956: Aug., 760 
Jactatio capitis nocturna, 1/958: Aug., 639 
Jaundice, due to causes other than erythro- 
blastosis, 1957: May, 400 
icterus praecox, 1957: May, 415 
in ABO hemolytic disease, 1957: May. 


417 
neonatal, in etiology of epilepsy, 1957: 
Nov., 1068 
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Jaundice, physiological, vs. ABO hemolytic 
disease, 1957: May, 425, 426 
Jaws. See also Teeth. 
abnormalities, in newborn, 1957: Feb., 67 
cherubism, 1956: Nov., 895 
micrognathia, congenital, 1956: Nov., 
g 
in newborn, 1956: Nov., 850 
prognathism, mandibular, 1956: Nov., 
972 
fractures, 1956: Nov., 915-18 
mandible, fractures, 1956: Nov., 915-17 
subchondylar, 1956: Nov., 916 
hypoplasia, in newborn, 1956: Nov., 
850 
maxilla, fractures, 1956: Nov., 917 
osteomyelitis, in newborn, 1956: Nov., 
944 
tumors, benign, 1/956: Nov., 893 
malignant, 1956: Nov., 900 
metastatic, 1956: Nov., 902 
Jejunal membranes, mesocolic, 1956: Feb., 
4 
Jellies, nasal, in nasopharyngeal infections, 
1957: Feb., 159 
Jockey itch. See Tinea cruris. 
Joints, tuberculosis, 1956: May, 436; 1957: 
Aug., 654 


KARTAGENER’S syndrome or triad, 1957: 
Feb., 93 
Kell antibody, 1957: May, 329 
Kell-Cellano blood groups, 1957: May, 329 
Keratoconjunctivitis, epidemic, 1/958: May, 
304 
Keratoconus. See Cornea, conical. 
Keratosis pilaris, 1956: Aug., 690-91 
Keratosis suprafollicularis. See Keratosis 
pilaris. 
Kerion celsi, 1956: Aug., 561, 563 
treatment, 1956: Aug., 567 
Kernicterus, clinical manifestations, 1957: 
May, 396, 397 
pathogenesis, 1957: May, 392, 393 
prevention, 1957: May, 393 
with Rh incompatibility, deafness due to, 
1957: Aug., 684 
Ketogenic diet in epilepsy, 
1083, 1088 
Ketones in urine. See Urine, ketone bodies. 
Ketosis, 1956: Feb., 57. See also Acidosis. 
17-Ketosteroids, in blood, 1957: Nov., 967 
in newborn with congenital adrenal hy- 
perplasia, 1957: Nov., 894 
in urine. See under Urine. 
test in intersexuality, 1957: Nov., 921 
Kidneys. See also Urinary tract. 
biopsy, 1958: May, 367 
calculi, vs. peritonitis, 1958: Feb., 100 
complications of sulfonamide therapy, 
1956: May, 241 
diagnosis, 1956: May, 242 
prevention, 1956: May, 243 
treatment, 1956: May, 242 


1957: Nov., 
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Kidneys, disease, anemia due to, 1957: 
May, 478-9. See also under 


Anemia(s). 
laboratory tests, 1958: May, 354. 
355 
dwarfism due to, 1957: Nov., 938-9 
embryoma. See Kidneys, tumors, Wilms’. 
failure of, erythroblastopenia in, 1957: 
May, 463 
in acute leukemia, 1957: May, 504 
function, unilateral, in hypertensive dis- 
ease, tests of, 1958: May, 365-7 
insufficiency, chronic, osteodystrophy 
due to, 1958: May, 425-7 
laboratory tests, 1958: May, 364-7 
reactions to antibiotics, 1956: May, 441 
tubules, acidosis, rickets due to, 1958: 
May, 438 
calcium depletion due to defective 
handling of ions by, 1958: May, 438 
insufficiency, rickets due to, 1958: May, 
427-8 
reabsorption defects, abnormalities 
with, 1958: May, 437-8 
tumors, Wilms’, 1958: Feb., 105 
Klinefelter’s syndrome. See Seminiferous 
tubules, dysgenesis. 
Koplik spot in measles, 1956: Nov., 879 
Kraurosis vulvae vs. lichen sclerosus vel 
atrophicus, 1958: Feb., 38 
Kwell. See Cyclohexane. 


Labia, adhesions, 1958: Feb., 36-7 
transagglutination, 1958: Feb., 6 
Labile factor. See Blood, factor V. 
Labium frenum, abnormal, 1956: Nov., 865 
Labor. See also Abortion; Newborn; Ob- 
stetrics; Pregnancy; Puerperium. 
early, for prevention of stillbirths, 1957: 
May, 387 
in prevention of fetal death from 
erythroblastosis, 1958: May, 279-85 
forceps, use of, in etiology of epilepsy, 
1957: Nov., 1067 
in adolescents, management of, 1/958: 
Feb., 147-8 
in etiology of epilepsy, 1957: Nov., 1066 
presentation, in etiology of epilepsy, 
1957: Nov., 1067 
Laboratory diagnosis in 
1957: Nov., 959-80 
Laboratory investigation in aseptic menin- 
gitis, 1958: May, 321 
Laboratory procedures, 1958: May, 353-73 
Laboratory tests in cerebral palsy, 1957: 
Nov., 1010 
Lactic acid in vulvovaginitis, nonspecific, 
1958: Feb., 44 
Landolt’s broken ring test of vision, 1/958: 
Feb., 235 
Lane’s ileal membrane, 1956: Feb., 4 
Larva migrans, cutaneous, 1956: Aug., 633 
due to Strongyloides, 1956: Feb., 185 
Laryngitis, 1957: Feb., 170 
diagnosis, 1956: May, 360 
recurrent, 1957: Feb., 288 


endocrinology, 
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Laryngocele, 1957: Feb., 79 
Laryngomalacia. See Larynx, stridor. 
Laryngotracheitis, 1957: Feb., 170 
Laryngotracheobronchitis, 1957: Feb., 170 
Laryngotracheobronchopneumonitis, 1957: 
Feb., 170 
Larynx, abnormalities, 1957: Feb., 78-80 
in newborn, 1957: Feb., 67 
and laryngotracheal area, diseases, in- 
flammatory, acute, 1957: Feb., 169-82 
atresia, congenital, 1957: Feb., 78 
cyst, 1957: Feb., 79 
dyspnea, obstructive, causes of, 1957: 
Feb., 79 
hemangioma, 1957: Feb., 79 
obstruction, vs. bronchiolitis, 1957: Feb., 
189 
stenosis, 1957: Feb., 79 
stridor, 1957: Feb., 78 
congenital, in newborn, roentgen diag- 
nosis, 1957: Feb., 47 
web, 1957: Feb., 79 
Laurence-Moon-Biedl 
Nov., 838 
Lavage. See Stomach, lavage. 
Lead poisoning, 1957: Nov., 1030-31 
diagnosis, 1957: May, 352 
Learning, inhibition of, vs. mental retarda- 
tion, 1958: Aug., 670 
Leche de higuerén in whipworm infection, 
1956: Feb., 180 
Lederer’s anemia, 1957: May, 477 
Leiner’s disease. See Erythroderma des- 
quamativum. 
Lens, dislocated, 1958: Feb., 215-16 
Lente insulin. See under Insulin. 
Lentigo. See Freckles. 
Leprechaunism, 1957: Nov., 944 
Leptospirosis vs. aseptic meningitis, 1958: 
May, 317, 318 
Letterer-Siwe disease, 1956: Aug., 814 
Leucovorin in acute leukemia, 1957: May, 
519 
Leukasmus, congenital. See Albinism. 
Leukemia, acute, 1957: May, 497-530 
diagnosis, 1957: May, 355 
anemia due to, 1957: May, 348 
congenital, 1957: May, 500 
vs. aplastic anemia, 1957: May, 475 
vs. erythema multiforme, 1956: Aug., 777 
Leukocytes, count. See also Agranulocy- 
tosis; Leukemia; Mononucleosis, in- 
fectious. 
in auto-immune hemolytic anemias, 
1957: May, 434 
in erythema multiforme, 1956: Aug., 


syndrome, 1957: 


in streptococcal infection, 1957: Feb., 
145 
genetics, 1957: May, 339 
normal values, 1957: May, 366 
Pelger-Huét nuclear anomaly, genetics, 
1957: May, 340 
Leukocytosis. See Leukocytes, count. 
Leukoderma, congenital. See Albinism. 
Leukopathia, congenital. See Albinism. 
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Leukopenia, laboratory tests, 1958: May, 
357-8 
Levarterenol in Waterhouse-Friderichsen 
syndrome, 1956: May, 392 
Levophed. See Levarterenol. 
Lichen pilaris. See Keratosis pilaris. 
Lichen planus vs. atopic dermatitis, 1956: 
Aug., 609 
Lichen sclerosus vel atrophicus, 1958: Feb., 
38 
Lichen simplex chronicus, 
750-51 
classification, 1956: Aug., 744 
Lichen urticatus. See Urticaria papulosa. 
Lids. See Eyelids. 
Lingua nigra. See Tongue, hairy, black. 
Lip, cleft. See Harelip. 
injuries, 1956: Nov., 910 
margins, in newborn, 1956: Nov., 847 
upper, frenum of, in newborn, 1956: 
Nov., 848 
Lipiodol. See Iodized oil. 
Lipoma. See under Tumors. 
Lissencephaly, 1957: Feb., 75 
Liver. See also Bile ducts. 
cirrhosis, infantile, prevention of, 1957: 
Aug., 596 
with ascites, 1958: May, 407 
function test, for biliary atresia, 1958: 
May, 364 
in infectious mononucleosis, 1957: 
Feb., 131 
immaturity, jaundice due to, 1957: May, 
401 


1956: Aug., 


involvement due to chloramphenicol, 
1956: May, 324 
reactions to antibiotics, 1956: May, 442 
Lobotomy. See under Brain, surgery. 
Locus of genes on chromosome, 1957: May, 
325 
Lorain-Levy dwarfism, 1957: Nov., 930 
Lotions, drying, in contact dermatitis, 1956: 
Aug., 660 
in acne vulgaris, 1956: Aug., 726, 727 
in atopic dermatitis, 1956: Aug., 615, 
617 
Lozenges in nasopharyngeal infections, 
1957: Feb., 159 
Lungs. See also Bronchus; Pleura; Respira- 
tory tract. 
abnormalities, 1957: Feb., 85-95 
adenomatoid, congenital. See Lungs, 
dysplasia, adenomatous. 
cystic, congenital, roentgen diag- 
nosis, 1957: Feb., 42 
cystic, 1957: Feb., 88 
congenital, in newborn, 
diagnosis, 1957: Feb., 42 
treatment, 1957: Feb., 90 
agenesis, 1957: Feb., 86 
in newborn, 1957: Feb., 64 
roentgen diagnosis, 1957: Feb., 46 
aneurysm, arteriovenous, 1957: Feb., 94, 
95 
collapse, as cause of neonatal death, 
1957: Feb., 54 


roentgen 
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Lungs, cysts, postinfectious, roentgen diag- 
nosis, 1957: Feb., 37 
solitary, 1957: Feb., 82, 88 
roentgen diagnosis, 1957: Feb., 42 
diseases, bronchopulmonary, suppurative, 
1957: Feb., 231-41 
cystic, diffuse, 1957: Feb., 89 
fibrocystic, bilateral, diffuse, 
Feb., 89 
in newborn, roentgen diagnosis, 1957: 
Feb., 27-52 
multicystic, 1957: Feb., 89 
roentgen diagnosis, 1957: Feb., 42 
dysplasia, adenomatous, 1957: Feb., 92 
hamartoma, 1957: Feb., 93 
chondromatous, 1957: Feb., 94 
hemorrhage, intra-alveolar, in newborn, 
1957: Feb., 64 
honeycomb, 1957: Feb., 89 
hyaline membrane. See Hyaline mem- 
branes. 
hypoplasia, 1957: Feb., 87 
in newborn, 1957: Feb., 64 
infections, treatment, 1956: May, 363 
lobation, anomalous, 1957: Feb., 86 
lobe, agenesis, 1957: Feb., 87 
azygos, 1957: Feb., 86 
lymphangiectasis, cystic, 
Feb., 90 
normal, in newborn, roentgen findings, 
1957: Feb., 29 
roentgenogram in 
May, 430 


1957: 


diffuse, 1957: 


tuberculosis, 1956: 


sequestration, extralobar, 1957: Feb., 91, 
92 


intralobar, 1957: Feb., 90, 91 
tracheal, 1957: Feb., 81 
ventilation, in acidosis, 1957: Feb., 7 
Lupus erythematosus, cutaneous manifesta- 
tions, 1956: Aug., 820 
disseminated, vs. acute leukemia, 1957: 
May, 505 
Luteinizing hormone in gonadal function, 
1957: Nov., 829 
Lutembacher’s syndrome, diagnosis, 1958: 
Nov., 995 
Luteotropic hormone in gonadal function, 
1957: Nov., 829 
Lymph nodes, hilar, enlarged, and positive 
tuberculin test, 1956: May, 433 
in infectious mononucleosis, 1957: 
Feb., 127 
Lymphadenitis, cervical, 1956: May, 433 
vs. salivary gland infection, 1956: Nov., 
942 
vs. mumps, 1956: Nov., 936 
Lymphadenopathy in erythema multiforme, 
1956: Aug., 774 
Lymphangioma. See under Tumors, angi- 
oma. 
Lymphatic drainage of cecum and colon, 
1956: Feb., 7 
Lymphatic system. See also Mononucleosis, 
infectious. 
relation of adrenocortical hormones 
to, 1957: May, 509 
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Lymphocytes in infectious mononucleosis, 
1957: Feb., 130 

Lymphocytosis, acute, vs. acute leukemia, 
1957: May, 505 

Lympho-epithelioma of soft 
mouth, 1956: Nov., 891 

Lymphogranuloma venereum, relation to 
erythema nodosum, 1956: Aug., 783 

Lymphosarcoma. See under Sarcoma. 

Lyssa. See Rabies. 


tissues of 


McCune-Albright syndrome, 1957: Nov., 
882, 885 

Macrogenitosomia precox. See Adrenals, 
hyperplasia. 

Macroglossia, 1956: Nov., 923 
diseases producing, 1956: Nov., 924 

Macromastia gigantica. See Breast, hyper- 
trophy. 

Macula. See under Eyes. 

Magnamycin. See Carbomycin. 

Magnesia, milk of, in constipation, 1956: 
Feb., 127 

Malabsorption syndrome, laboratory tests, 
1958: May, 358-64 

Malformations. See Abnormalities. 

Malnutrition. See Nutrition, disorders. 

Malta fever. See Brucellosis. 

Mammogen in breast development, 1958: 
Feb., 64 

Management problems in dentistry, 1957: 
Aug., 717 

Mandelic acid in urogenital tract infections, 
1956: May, 372 

Mandible. See under Jaws. 

Mandibulofacial dysostosis, 
75 

Manson’s schistosomiasis, 1956: Feb., 186- 
8 


1957: Feb., 


Marasmus, 1956: Nov., 1061 
Marble-board test in brain damage, 1958: 
Aug., 693 
Marriage, adjustments in, due to brain dam- 
age in children, 1957: Nov., 1038 
diabetes mellitus and, 1957: Nov., 816 
Marrow, bone. See Bone marrow. 
Marsilid. See Iproniazid. 
Masculinization, 1957: Nov., 905 
of female, 1957: Nov., 915-20 
Mastication, psychological relation to feed- 
ing, 1956: Nov., 1057 
tongue in, 1956: Nov., 921 
Mastoiditis, zygomatic, vs. mumps, 1956: 
Nov., 936 
Masturbation, 1958: Feb., 115-18; Aug., 
767-74 
Maternal-infant interaction, disturbances in, 
relation to development of psychopathol- 
ogy, 1957: Nov., 1035 
Maturation, capacity for, in asthma, 1958: 
Aug., 742-3 
concern with, in adolescents, 1958: Aug., 
776 
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Maturation, lag in, reading disabilities due 
to, 1958: May, 515 
Mauriac syndrome. See Diabetes mellitus, 
dwarfism due to. 
Maxilla. See under Jaws. 
Measles, congenital adrenal 
and, 1957: Nov., 902 
diagnosis, 1956: Nov., 880 
encephalitis following, 
1022 
German. See Rubella. 
immunization, passive, 1957: Aug., 625 
oral manifestations, 1956: Nov., 879 
relation to distemper, 1957: Feb., 199 
treatment, 1956: Nov., 880 
Meatus, ulceration, in diaper dermatitis, 
1956: Aug., 761 
Mebaral. See Mephobarbital. 
Meckel’s diverticulum. See under I/ntes- 
tines, diverticulum. 
Mediastinum, cysts, 1957: Feb., 81-3 
Medical dilatation and curettage, 
Nov., 837 
Medicaments, external, contact dermatitis 
due to, 1956: Aug., 654 
Medicinals, active, in atopic dermatitis, 
1956: Aug., 616 
Medicine, experimental and clinical, al- 
dosterone in, 1958: May, 397-416 
Medicines prohibited in acne vulgaris, 1956: 
Aug., 738 
Mediterranean anemia. See Thalassemia. 
Mediterranean fever. See Brucellosis. 
Megacolon. See under Colon. 
Melanoameloblastoma of jaw, 1956: Nov., 
899 
Melanocyte-stimulating 
Nov., 962 
Melanoma. See under Tumors. 
Membranes, intra-abdominal, 1956: Feb., 4 
mucous. See Mucous membranes. 
Menarche, 1958: Feb., 51 
early, 1958: Feb., 53 
Meninges, subdural effusion, management, 
1956: May, 390 
subdural hematoma, papilledema due to, 
1958: Feb., 198 
subdural hemorrhage, in newborn, 1957: 
Feb., 56, 57 
Meningitis, aseptic, 1958: May, 313-22 
caused by ECHO virus, 1958: May, 
305-307 
virus isolations, 1/958: May, 318 
with maculopapular rash, 1958: May, 
307-308, 319-20 
bacterial, 1956: May, 377-98 
management, 1956: May, 377-98 
purulent, vs. aseptic meningitis, 1/958: 
May, 315, 316, 317 
Hemophilus _ influenzae, 
381 
leukemic, 1957: May, 504 
meningococcal, 1956: May, 381 
pneumococcal, 1956: May, 382 
purulent, 1957: Nov., 1014-17 
acute, incidence, 1956: May, 378 


hyperplasia 


1957: Nov., 


1957: 


hormone, 1957: 


1956: May, 
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Meningitis, tuberculous, 1/956: May, 435; 
1957: Nov., 1017-20 
vs. aseptic meningitis, 1958: May, 315, 
316 
vs. viral meningitis, 1957: Nov., 1020 
viral, 1957: Nov., 1020 
Meningocele, anterior, 1957: Feb., 83 
Meningococcal meningitis, 1956: May, 381 
Meningococcemia, fulminating, 1956: May, 


recognition and treatment, 1956: May, 
Meningoencephalitis, mumps, 1956: Nov., 
935 
Menses. See Menstruation. 
Menstruation, adolescent’s 
1958: Aug., 781-2 
anovulatory, 1958: Feb., 55-6 
emotional problems due to, /958: Aug.. 
792 
in adolescence, 
56-8 
hygiene of, 1958: Feb., 61-2 
irregular, 1958: Feb., 54-5 
premenstrual tension, 1958: Feb., 60-61 
problems of, 1958: Feb., 51-62 
onset of, age at, 1958: Feb., 51-4 
Mental deficiency, genetic counselling in, 
1958: May, 486 
vs. schizophrenia, 1958: May, 504 
Mental handicaps, special education of 
children with, 1957: Aug., 748 
Mental health, in bronchopulmonary dis- 
ease, 1957: Feb., 240 
supervision, 1957: Aug., 660 
Mental hygiene. See Mental health. 
Mental problems, functional, special edu- 
cation of children with, 1957: Aug., 748 
Mental retardation, 1958: Aug., 667-85 
informing parents, 1958: Aug., 675-6 
scope of problem, /958: Aug., 667-8 
special education of children with, 
1957: Aug., 748, 752 
vs. cerebral palsy, 1957: Nov., 1010 
Mental status in epilepsy, 1957: Nov., 1070 
Meperidine, in cardiac catheterization, 
1958: Nov., 908 
in status asthmaticus, 1957: Feb., 303 
Mephenesin in behavior disorders, /958: 
Aug., 585 
Mephobarbital 
1082, 1085 
Meprobamate, in behavior disorders, 1958: 
Aug., 585-6 
in epilepsy, 1957: Nov., 1083, 1087, 1088 
toxicity, 1958: Aug., 589, 590 
Meralluride in heart failure, 1958: Nov., 
1134 
Mercaptomerin sodium 
1958: Nov., 1134 
Mercaptopurine, in acute leukemia, /957: 
May, 521 
regimen, 1957: May, 523 
results, 1957: May, 524 
toxic effects, 1957: May, 524 
mode of action, 1957: May, 521 


reaction to, 


abnormal, /958: Feb., 


in epilepsy, 1957: Nov.., 


in heart failure, 
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Mercuhydrin. See Meralluride. 
Mercurials, electrolyte disturbances due to, 
1958: Nov., 1135 
in heart failure, 1958: Nov., 1134-5 
Mercuric chloride in diaper dermatitis, pro- 
phylactic, 1956: Aug., 767 
Mercury, ammoniated, in condyloma 
acuminatum, 1958: Feb., 38 
in furfuraceous impetigo, 1956: Aug., 
516 
Mesantoin. See Hydantoin, methyl-phenyl- 
ethyl. 
Mesenchyma, diseases of, cutaneous mani- 
festations, 1956: Aug., 818 
Mesentery, cysts, relation to colon, 1956: 
Feb., 5 
thrombosis, rectal bleeding due to, 1956: 
Feb., 211 
Mesiodens. See under Teeth. 
Mesocolic cyst, 1956: Feb., 5 
Mesocolic jejunal membranes, 1956: Feb., 


Mesothelial cyst. See Pericardial cyst. 
Metabolism, alterations in, due to diar- 
rhea, 1956: Feb., 143 
basal, in caloric expenditure, 1957: Nov., 
951, 952 
cerebral, 1957: Feb., 8 
disorders of, cataract due to, 1958: Feb., 
169 
electrolyte, effect of aldosterone on, 
1958: May, 399-400 
inborn errors of, dwarfism due to, 1957: 
Nov., 942-3 
of erythrocytes, 
May, 338 
Metazoan and protozoan parasitoses of 
intestinal tract, 1956: Feb., 169-90 
Methantheline bromide in tinea pedis, 1956: 
Aug., 570 
Metharbital in epilepsy, 1957: Nov., 1083, 
1089 
Methotrexate. See Amethopterin. 
Methsuximide in epilepsy, 1957: 
1083, 1089 
Methyl benzethonium chloride in diaper 
dermatitis, prophylactic, 1956: Aug., 768 
Methylrosaniline, in candidiasis, 1956: 
Aug., 578, 864; 1958: Aug., 812 
in mycotic infections of vagina, 1958: 
Feb., 46 
in oral thrush, 1956: Nov., 851, 
1958: May, 293 
in oxyuriasis, 1956: Feb., 183 
in strongyloidiasis, 1956: Feb., 185, 186 
in vulvar mycosis, 1958: Feb., 36 
Methyltestosterone. See under Androgens. 
Meticorten. See Prednisone. 
Microglossia, 1956: Nov., 923 
Micrognathia. See under Jaws, deformities. 
Microsporum audouini infections of scalp, 
1956: Aug., 560 
Mikulicz’s syndrome, 1956: Nov., 941 
Miliaria, 1956: Aug., 791-9 
pustular. See Miliaria pustulosa. 
vs. diaper dermatitis, 1956: Aug., 762 


deficiencies of, 1957: 


Nov., 


878; 
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Miliaria crystallina, clinical manifestations, 
1956: Aug., 791 
etiology, 1956: Aug., 796 
pathogenesis, 1956: Aug., 796 
Miliaria profunda, clinical manifestations, 
1956: Aug., 794 
etiology, 1956: Aug., 797 
pathogenesis, 1956: Aug., 797 
Miliaria pustulosa, clinical manifestations, 
1956: Aug., 794 
etiology, 1956: Aug., 797 
pathogenesis, 1956: Aug., 797 
Miliaria rubra, clinical manifestations, 1956: 
Aug., 793 
etiology, 1956: Aug., 796 
pathogenesis, 1956: Aug., 796 
Milibis. See Bismuth glycolylarsanilate. 
Milk, cow’s, rhinitis due to, 1957: Feb., 
287 
eating problems due to, 1958: Aug., 598 
Milk of magnesia in constipation, /956: 
Feb., 127 
Milontin. See Phensuximide. 
Miltown. See Meprobamate. 
Mineral oil. See Petrolatum, liquid. 
Miotics in strabismus, 1958: Feb., 158-9 
Mirror reading, 1957: Aug., 698 
Mite, chigger, bites, 1956: Aug., 628 
Mitral valve, atresia, 1958: Nov., 1036-8 
autopsy findings, 1958: Nov., 1037 
clinical manifestations, 1958: Nov., 
1036-7 
diagnosis, 1958: Nov., 1037 
incidence, 1958: Nov., 1036 
pathophysiology, 1958: Nov., 1036 
prognosis, 1958: Nov., 1038 
treatment, 1958: Nov., 1038 
regurgitation, cine-angiocardiograms 
in, 1958: Nov., 968-9 
stenosis, 1958: Nov., 1038-40 
autopsy findings, 1958: Nov., 1039 
clinical manifestations, 1958: Nov., 
1039 
diagnosis, 1958: Nov., 1040 
incidence, 1958: Nov., 1039 
pathophysiology, 1958: Nov., 1038 
prognosis, 1958: Nov., 1040 
treatment, 1958: Nov., 1040 
Mobility, loss of. See Orthopedic defects. 
Molar teeth. See under Teeth. 
Moles. See Nevi. 
Molluscum contagiosum, 1956: Aug., 526 


8 
Molluscum pendulum, 1956: Aug., 682 
Mongolian spot. See under Pigmentation, 
cutaneous. 
Mongolism. See Idiocy. 
Monilia infections. See Candidiasis. 
Moniliasis. See Candidiasis. 
Monocytes, normal values, 1957: May, 367 
Mononucleosis, infectious, 1957: Feb., 126 


diagnosis, 1956: May, 357, Nov., 882 
oral manifestations, 1956: Nov., 881 
treatment, 1956: Nov., 882 

vs. acute leukemia, 1957: May, 505 





1206 INDEX TO VOLUMES 3, 4 AND 5 (1956, 1957 AND 1958) 


Mononucleosis, infectious, vs. erythema 
multiforme, 1956: Aug., 777 
vs. streptococcal infection, 
Feb., 144 
Moro reflex, in brain damage, 1958: Aug., 
694 
in cerebral palsy, 1957: Nov., 1009 
Morphine, in anoxia in newborn, 1958: 
Nov., 1096 
in heart failure, 1958: Nov., 1137 
preanesthetic use, 1956: Feb., 59 
Morphine sulfate in cine-angiocardiogra- 
phy, 1958: Nov., 950 
Morphology, nuclear, sex determination 
from, 1957: Nov., 833 
Mortality, neonatal, reduction 
May, 259-77 
Mosquito bites, 1956: Aug., 627 
Mother, insecure or neurotic, eating prob- 
lems due to, 1958: Aug., 599 
Motor patterns, new, delay in acquisition 
of, in behavioral syndrome with 
brain damage, 1958: Aug., 691-2 
primitive, retention in behavioral syn- 
drome with brain damage, 1958: 
Aug., 690-91 
Motor performance in behavioral syn- 
drome with brain damage, 1958: Aug., 
688-92 
Mouth, abnormal habits, evidence of, 1956: 
Nov., 867 
as source of pleasurable stimulation, 
1956: Nov., 1051 
as source of sensory investigations, 1956: 
Nov., 1051 
burns, 1956: Nov., 913-15 
electrical, 1956: Nov., 914 
carcinoma, squamous cell, 1956: Nov., 
891 
care of, in erythema multiforme, 1956: 
Aug., 778 
child’s, symposium on, 1956: Nov., 845- 
1072 
dry, 1956: Nov., 1067 
examination, 1956: Nov., 855-69 
functions, biological, 1956: Nov., 1049 
disturbances, 1956: Nov., 1066 
psychologic and _ psychophysiologic 
components, 1956: Nov., 1053 
psychological aspects, management, 
1956: Nov., 1068 
psychopathological and psychophysio- 
logical disorders in, 1956: Nov., 
1060 
psychopathological disturbances, 1956: 
Nov., 1065 
psychophysiologic aspects, 1956: Nov., 
1059 


1957: 


in, 1958: 


hygiene, 1956: Nov., 949 
dental caries and, 1956: Nov., 962 
hyperplasia of, Dilantin, 1956: Nov., 
8 al 
in erythema multiforme, 1956: Aug., 774 
infections, diagnosis and management, 
1956: Nov., 871-84 


Mouth, injuries, 1956: Nov., 905-18 
anesthetic considerations, 1956: Nov., 
907 
antibiotic coverage, 1956: Nov., 908 
lacerations of mucosa, 1956: Nov., 911 
mucosa, smear, as test of chromosomal! 
sex, 1958: May, 376 
trauma to, in newborn, 1956: Nov., 
849 
neoplasms, 1956: Nov., 885-904 
of newborn, 1956: Nov., 847-54 
abnormalities, congenital, 1956: Nov., 
850 
bacteria in, 1957: Feb., 69 
birth injuries, 1956: Nov., 853 
infections, 1956: Nov., 851 
soft tissue infections, 1957: Aug., 725 
tumors, benign, of soft tissues, 1956: 
Nov., 885 
malignant, of soft tissues, 1956: Nov., 
891 

Mucoproteins in duodenal secretions, in 
malabsorption syndrome, 1958: May, 
363 

Mucosa, oral, smear of, as test of chromo- 
somal sex, 1958: May, 376 

Mucous membranes, and skin, exanthema- 

tous diseases, 1956: Aug., 546-7 
rickettsial diseases, 1956: Aug., 548 
51 
viral diseases, 1956: Aug., 522-46 
in erythema multiforme, 1956: Aug., 
774 
viral and rickettsial diseases, 1956: 
Aug., 521-54 
warts, 1956: Aug., 523 

Mucoviscidosis. See Pancreas, disease, fibro- 
cystic. 

Mucus cyst in newborn, 1956: Nov., 851 

Mumps, 1956: Nov., 933-7 
immunity, 1956: Nov., 936 
immunization, passive, 1957: Aug., 625 
nonglandular, vs. aseptic meningitis, 

1958: May, 318 
virus, killed, in prevention of mumps, 
1956: Nov., 936 

Mumps meningoencephalitis, 1956: Nov., 
935 

Mumps oophoritis, 1956: Nov., 935 

Mumps orchitis, 1956: Nov., 935 

Murmurs. See under Heart. 

Muscles, defects, 1957: Aug., 701-8 
imbalance, in harelip, 1956: Nov., 1033 
ocular, paralysis of, 1958: Feb., 187-8 
relaxants in proctologic anesthesia, 1956: 

Feb., 62 
tone, changes in, in behavioral syndrome 
with brain damage, 1958: Aug., 

692 
relation to hypoxemia, 1957: Feb., 24 

Muscular dystrophy. See under Dystrophy. 

Myasthenia gravis, ocular, 1958: Feb., 188-9 

Mycifradin. See Neomycin. 

Mycobacteria, factors relating to, in prog- 
nosis of tuberculosis, 1957: Feb., 261 
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Mycosis, cutaneous, 1956: Aug., 555-71 
deep, 1956: Aug., 579-85 
parasitic, superficial, 1956: Aug., 571-3 
superficial, 1956: Aug., 568-71 
Mycostatin. See Nystatin. 
Mycotic infections, 1956: May, 416 
vaginal, 1958: Feb., 45-6 
Myeloma. See under Tumors. 
Myoblastoma. See Myoma, under Tumors. 
Myocarditis, 1958: Nov., 1080-82 
pathology, 1958: Nov., 1080-81 
Myocardium, hypertrophy, idiopathic, 
1958: Nov., 1082 
infarction, effect on electrocardiogram 
in endocardial fibroelastosis, 1958: 
Nov., 1070-72 
Myoma. See under Tumors. 
Myopia, 1957: Aug., 669 
Mysoline. See Primidone. 
Myxedema in goitrous 
1957: Nov., 856 
Myxofibroma. See Fibromyxoma, 
Tumors. 
Myxoma. See under Tumors. 


hypothyroidism, 


under 


NANOSOMIA vera. See Dwarfism, true. 
Narcolepsy. See under Sleep, disorders. 
Nasal. See Nose. 
Nasopharyngitis, acute. See Colds, com- 
mon. 
Nasopharynx, abnormalities, 1957: Feb., 
76 


configuration of, in cleft palate, 1956: 
Nov., 104! 
infections, bacterial, 1957: Feb., 139-54 
nonbacterial, 1957: Feb., 115-38 
unidentified, 1957: Feb., 103-13. 
See also Cold, common. 
streptococcal, 1957: Feb., 141 
symptomatic relief, 1957: Feb., 155-67 
secretions, bacteria in, 1957: Feb., 184 
swab method of bacteriological culture 
in whooping cough, 1957: Feb., 276 
Natal history in cerebral palsy, 1957: Nov., 
1006 
Neck, orangoutang, 1957: Feb., 80 
Neck reflex, tonic, in brain-damaged chil- 
dren, 1958: Aug., 690 
in cerebral palsy, 1957: Nov., 1009 
Negativism in asthma, 1958: Aug., 741-2 
Nematode infection, chorioretinitis due to, 
1957: Aug., 673 
uveitis due to, 1958: Feb., 183 
Nembutal. See Pentobarbital. 
Neocortef Cream in nummular eczema, 
1956: Aug., 752 
Neomycin, 1956: May, 336 
absorption, 1956: May, 338 
administration, 1956: May, 338 
routes of, 1956: May, 454, 455 
topical, 1956: May, 339 
antimicrobial activity, 1956: May, 337 
applied pharmacology, 1956: May, 336- 
40 
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Neomycin, bacitracin and polymyxin, ap- 
plied pharmacology, 1956: May, 329- 
44 


clinical use, 1956: May, 339 

dosage, 1956: May, 338, 454 

excretion, 1956: May, 338 

in bacillary infections, 1956: May, 339 

in bronchopulmonary disease, 1957: 
Feb., 237, 238, 239 

in conjunctivitis, 1956: May, 339, 340 

in eczema, 1956: May, 339, 340 

in gastrointestinal tract infections, 1956: 
May, 413 

in intestinal infections, 1956: May, 339 

in otitis externa, 1956: Aug., 517 

in purulent meningitis, 1957: Nov., 1016 

in pyogenic dermatoses, 1956: May, 339 

in shigellosis, 1956: May, 336 

in urinary tract infections, 1956: May, 
339 

in urogenital tract infections, 1956: May, 


preoperative use, 1956: May, 339 
toxicity, 1956: May, 337 
Neonatal factors in epilepsy, 1957: Nov., 
1068 
Neoplasms. See Cancer; Tumors; and un- 
der organ or region affected. 
Neosynephrine. See Phenylephrine. 
Nephritis, glomerular, and rheumatic fever, 
prevention, 1957: Feb., 147 
epidemiology, 1957: Feb., 151 
prevention, 1957: Feb., 151 
potassium-losing. See Aldosteronism, due 
to adrenal adenoma. 
sodium-losing, 1958: May, 408 
Nephrosis, 1958: May, 407 
Nerve nevi. See Nevi, systematized. 
Nerves, cranial, oculomotor, paralysis of, 
1958: Feb., 187, 188 
facial, paralysis, 1956: Nov., 911 
optic, atrophy of, 1958: Feb., 196-7 
neuritis, papilledema due to, 1958: 
Feb., 198 
papilledema, 1958: Feb., 197-9 
phrenic, paralysis, in newborn, 1957: 
Feb., 65 
Nervous system, autonomic, of colon and 
rectum, 1956: Feb., 9 
central, complications of whooping 
cough, 1957: Feb., 275 
congenital malformations, 
Feb., 59 
defects or damage, community re- 
sources, 1957: Nov., 1044 
diagnosis, parental reactions to, 
1957: Nov., 1037 
management, 1957: Nov., 1040 
psychological aspects, 1957: 
Nov., 1033-48 
psychologic problems due to, 
1957: Nov., 1036 
therapeutic goals, 1957: Nov., 
1040 
disease, cerebrospinal fluid changes 
in, 1956: May, 380 


1957: 
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Nervous system, central, dwarfism due to, 
1957: Nov., 939-40 
dysfunction, effect on psychologic 
development, 1957: Nov., 1034 
functional disturbances of, 1957: 
Nov., 1033 
in erythema multiforme, 1956: Aug., 


involvement in mumps, /956: Nov., 
935 

malformations of, 1957: Nov., 983- 
94 


in infectious mononucleosis, 1957: 
Feb., 128 
Neurenteric canal cysts, 1957: Feb., 82 
Neurinoma. See under Tumors. 
Neuroblastoma. See Sympathicogonioma. 
Neurodermatitis, atopic dermatitis, 1956: 
Aug., 597-623 
classification, 1956: Aug., 744 
constitutional type, 1956: 
601 
environmental factors, 1956: Aug., 
602 
heredity and, 1/956: Aug., 601 
immunology, 1956: Aug., 599 
in adolescents and adults, 
Aug., 607 
in childhood, 1956: Aug., 606 
in infancy, 1956: Aug., 603 
infection in, 1956: Aug., 603 
phenomena, nonspecific, 1956: Aug., 
01 


Aug., 


1956: 


vascular, abnormal, 1956: Aug., 
602 

localized. See Lichen simplex chronicus. 

Neurofibroma, nasopharyngeal, 1957: Feb., 
76 

Neurofibromatosis, 1956: Aug., 686-8 
cutaneous manifestations, /956: Aug., 

816 

Neurologic complications of acute leuke- 
mia, 1957: May, 504 

Neurologic examination, in behavior prob- 

lems with brain damage, 1957: Nov., 
1054 
in epilepsy, 1957: Nov., 1072 

Neurologic function, disturbances of, in- 
dicative of brain damage, 1957: Nov., 
1034 

Neurologic reactions to chloramphenicol, 
1956: May, 323 

Neurology, pediatric ophthalmology from 
standpoint of, 1958: Feb., 185-201 

Neuromuscular status in cerebral 
1957: Nov., 1008 

Neurosis, obsessive-compulsive, 1958: Aug., 


palsy, 


vs. schizophrenia, 1958: May, 506 
Neutralization test in ABO hemolytic dis- 
ease, 1957: May, 421, 422 
Neutropenia, familial, genetics, 1957: May, 
339 
Neutrophils, in test of chromosomal sex, 
1958: May, 377 
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Neutrophils, normal values, 1957: May, 367 
Nevi, 1956: Aug., 665-86. See also Nevus 
bathing trunk, 1956: Aug., 683 
blue, 1956: Aug., 679, 685 
brown, smooth, 1956: Aug., 676 
capillary. See Nevus flammeus. 
cellular, 1956: Aug., 681 
giant, 1956: Aug., 683 
hairy, 1956: Aug., 683 
hyperkeratotic. See Nevi, warty, hard. 
linear, warty. See Nevus verrucosus |li- 
nearis. 
nerve. See Nevi, systematized. 
of mouth, 1956: Nov., 889 
pigmented, 1956: Aug., 674 
borderline, 1956: Aug., 679 
cellular type, 1956: Aug., 676 
combination, 1956: Aug., 680 
formation, 1956: Aug., 677 
intracutaneous, 1956: Aug., 678 
intradermal, 1956: Aug., 678 
intraepidermal, 1/956: Aug., 678 
intraepithelial, 1956: Aug., 678 
junction, 1956: Aug., 679 
mixed type, 1/956: Aug., 680 
nerve type, 1956: Aug., 677 
relation to age, 1956: Aug., 667 
soft, 1956: Aug., 681 
spider. See Nevus araneus. 
systematized, 1956: Aug., 686 
vascular. See Angioma, under Tumors 
verrucous, 1956: Aug., 680 
soft, 1956: Aug., 681 
warty, hairy, 1956: Aug., 683, 684 
hard, 1956: Aug., 680 
treatment, 1956: Aug., 681 
Nevoxanthoma-endothelioma, 1956: Aug., 
694 
Nevus araneus, 1956: Aug., 670 
Nevus depigmentosus, 1956: Aug., 686 
Nevus flammeus, 1956: Aug., 669 
treatment, 1956: Aug., 670 
Nevus linearis. See Nevus verrucosus line- 
aris; Nevi, systematized. 
Nevus lipomatodes, 1/956: Aug., 683 
Nevus molluscus, 1956: Aug., 682 
Nevus papillomatosus, 1956: Aug., 682 
Nevus pigmentosus. See Nevi, warty, hairy. 
Nevus pigmentosus et pilosus, 1/956: Aug., 
683 
Nevus pilosus. See 
Nevi, hairy. 
Nevus sanguineus, 1956: Aug., 672 
Nevus simplex. See Nevus fammeus. 
Nevus spilus, 1956: Aug., 684 
Nevus unilateralis. See Nevus 
linearis; Nevi, systematized. 
Nevus unius lateris. See Nevus verrucosus 
linearis; Nevi, systematized. 
Nevus vascularis verrucosus. See Angioma 
verrucosum, under Tumors. 
Nevus verrucosus. See Nevi, warty, hard. 
Nevus verrucosus et pilosus, 1956: Aug., 
683 
Nevus verrucosus linearis, 1956: Aug., 681 


Nevi, warty, hairy; 


verrucosus 
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Newborn, Apgar rating, 1958: May, 265 
arrhythmia of, 1958: Nov., 1095 
dental examination, 1956: Nov., 944 
epidemic diarrhea, 1956: Feb., 139 
examination of, 1957: Aug., 651 
eyes, care of, 1958: May, 296-7 
heart disease in, 1958: Nov., 1087-98. 
See also under Heart, disease. 
hemolytic disease of. See under Hemo- 
lytic disease. 
hemorrhagic disease of, 1957: May, 453 
illness in, severe, in etiology of epilepsy, 
1957: Nov., 1068 
impetigo of. See under Impetigo. 
infections, 1958: May, 287-300 
antibiotics in, 1958: May, 297-8 
control, 1958: May, 287-300 
diagnosis, early, 1958: May, 266, 293 
hospital nursery environment, /958: 
May, 292, 295 
intrauterine, management, 1958: May, 
294-5 
isolation, 1/958: May, 293-4 
mortality due to, 1958: May, 290 
notification, 1958: May, 295 
nursery personnel and, /958: 
297 
prenatal, 1958: May, 272-3 
routes of, 1958: May, 273-4 
resistance to, 1958: May, 291-2 
increase in, 1958: May, 295 
shared, 1958: May, 292 
spread to family, 1958: May, 290 
mortality, causes, anatomical, 1958: May, 
261 
preventability, 1958: May, 262-4 
program for, 1958: May, 265-7 
reduction in, 1958: May, 259-77 
mature infant, 1958: May, 261-2 
mortality rate, 1958: May, 259 
mouth of, 1956: Nov., 847-54. See also 
under Mouth. 
nonhemolytic anemia in, 
371-82 
pulmonary disease, roentgen diagnosis, 
1957: Feb., 27-52 
respiratory disorders, correlation of 
clinical and pathological observations, 
1957: Feb., 53-68 
respiratory function in, clinical evalua- 
tion, 1957: Feb., 17-26 
respiratory tract, bacterial pathogens of, 
1957: Feb., 69-72 
resuscitation, 1957: Aug., 605 
in etiology of epilepsy, 1957: Nov.., 
1068 
skin, care of, 1958: May, 296 
umbilicus, care of, 1958: May, 296 
Nightmares, 1958: Aug., 640 
Night terrors, 1958: Aug., 640 
Nipples. See under Breast. 
Nitrofurantoin, absorption, 1956: May, 253 
administration, routes of, 1956: May, 
454, 455 
applied pharmacology, 1956: May, 252-4 


May, 


1957: May, 
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Nitrofurantoin, chemistry, 1956: May, 252 
dosage, 1956: May, 454 
excretion, 1956: May, 253 
in urogenital tract infections, 1956: May, 


Ile 


pharmacodynamic action, 1956: May, 
252 


toxicity, 1956: May, 254 
Nitrofurazone in vulvovaginitis, 1/958: Feb., 
44 
Nitrous oxide in proctologic anesthesia, 
1956: Feb., 59, 61 
Norepinephrine. See Arterenol. 
Nose. See also Nasopharynx. 
abnormalities, 1957: Feb., 75-7 
in erythema multiforme, 1/956: 
774 
injuries, 1956: Nov., 910 
obstruction, symptomatic and supportive 
care, 1957: Feb., 158 
of newborn, bacteria in, 1957: Feb., 69, 


Aug., 


passages, abnormalities, 1957: Feb., 75-6 
septum, deviation of, 1957: Feb., 76 
Nose drops, antibacterial, in nasopharyn- 
geal infections, 1957: Feb., 159 
in asthma, 1957: Feb., 296 
Nose jellies in nasopharyngeal infections, 
1957: Feb., 159 
Novex in interstitial plasma cell pneumonia, 
1957: Feb., 212 
Novobiocin, 1956: May, 313 
in bronchopulmonary disease, 1957: Feb., 
237, 238 
in nasopharyngeal infections, 1957: Feb., 
164 
in pulmonary infections, 1956: May, 364 
Nursery. See under Hospitals. 
Nutrition. See also Diet; Feeding; Food. 
deficiencies of, oral manifestations, 1957: 
Aug., 718 
disorders of, dwarfism due to, 1957: Nov., 
942 
gynecologic complaints due to, 1958: 
Feb., 29 
effect on growth, 1957: Nov., 926 
in erythema multiforme, 1956: Aug., 777, 
779 
in prevention of muscular defects, 1957: 
Aug., 702 
in prognosis of tuberculosis, 1957: Feb., 
260 
in tuberculosis, 1957: Feb., 267 
in ulcerative colitis, 1956: Feb., 157 
Nystagmus, 1958: Feb., 189-96 
caloric, 1958: Feb., 191 
central, 1958: Feb., 192-4 
cerebellar, 1958: Feb., 192 
defective vision as cause of, 1958: Feb., 
190 
due to cataract, 1958: Feb., 170 
hereditary, 1958: Feb., 194 
hysterical, 1958: Feb., 195 
labyrinthine, 1958: Feb., 190-91 
latent, 1958: Feb., 194-5 
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Nystagmus, lesions, of medial longitudinal 
fasciculus, as cause of, 1958: Feb., 
193-4 

of vestibular nucleus as cause of, 1958: 
Feb., 192-3 

muscular, 1958: Feb., 191-2 

neuromuscular, physiologic, 1958: Feb., 
191 

occupational, 1958: Feb., 195 

optic, 1958: Feb., 190 

optokinetic, 1958: Feb., 190 

paretic, 1958: Feb., 191-2 

peripheral vestibular disease as cause of, 
1958: Feb., 191 

railway. See Nystagmus, optokinetic. 

rotational, 1958: Feb., 190-91 

toxic, 1958: Feb., 195 

voluntary, 1958: Feb., 195 

Nystatin, administration, routes of, 1956: 

May, 454, 455 

dosage, 1956: May, 454 

in candidiasis, 1956: May, 418, Aug., 577, 
764; 1958: Aug., 812, 813 

in coccidioidomycosis, 1956: May, 365 

in mycotic infections of vagina, 1958: 
Feb., 46 


Osesity, 1957: Nov., 949-58 
behavior problems in, 1958: Aug., 613- 
27 


clinical experience in light of laboratory 
investigation, 1957: Nov., 953 
due to feeding disturbances, 1956: Nov., 
1062 
Obsessive-compulsive neurosis, 1958: Aug., 
701 
Obstetrical factors, handicaps due to, 1957: 
Aug., 600 
in cerebral palsy, 1957: Nov., 996ff. 
Obstetrics. See also Abortion; Labor; Preg- 
nancy; Puerperium. 
teen-age, 1958: Feb., 139-49 
Obstipatio paradoxica, 1956: Feb., 131 
Ocular. See Eyes; Vision. 
Oculo-cerebro-renal syndrome, 1958: May, 
437 
Odonto-ameloblastoma, 1956: Nov., 899 
Odontoma. See under Teeth, tumors. 
Odontotomy, prophylactic, 1957: Aug., 721 
Office management of behavior disorders, 
1958: Aug., 561-72 
Oidiomycosis. See Candidiasis. 
Ointments in atopic dermatitis, 1956: Aug., 
618 
Oligophrenia, phenylpyruvic, 1958: Auzg., 
681 
vs. schizophrenia, 1958: May, 505 
Omphalocele, 1956: Feb., 83 
Onychomycosis. See Tinea unguium. 
Oophoritis, mumps, 1956: Nov., 935 
Ophthaine, for ocular foreign bodies, 1958: 
Feb., 212 
in examination of eye injuries, 
Feb., 204 


1958: 
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Ophthalmia, sympathetic. See Uveitis. 
Ophthalmology, pediatric, from standpoint 
of neurology, 1958: Feb., 185-201 
symposium on, 1958: Feb., 151-247 

Optic nerves; neuritis. See under Nerves. 
Oral. See also Mouth; Teeth. 
growth and development, problems of, 
1957: Aug., 710 
habits, harmful, 1957: Aug., 716 
handicaps, 1957: Aug., 709-30 
hygiene in dental caries, 1957: Aug., 724 
infections, 1957: Aug., 724 
manifestations of nutritional deficiencies, 
1957: Aug., 718 
Orangoutang neck, 1957: Feb., 80 
Orchiopexy in cryptorchidism, 1957: Nov.., 
843 
Orchitis. See Testes, inflammation. 
Organic disorders vs. schizophrenia, 1958: 
May, 505-506 
Orinase. See Tolbutamide. 
Ornithosis. See Psittacosis. 
Oropharynx. See under Pharynx. 
Orphan virus. See ECHO virus. 
Orthodontia. See Teeth. 
Orthodontist and the pediatrician, 
Nov., 967-77 
Orthopedic conditions in infancy and pre- 
school years, 1957: Aug., 653 
Orthopedic defects, special education of 
children with, 1957: Aug., 747, 755 
Orthopedic evaluation in mental retarda- 
tion, 1958: Aug., 673 
Orthopedic management of rachitic de- 
formities, 1958: May, 438-9 
Orthoptics in strabismus, 1958: Feb., 159- 
61 


1956: 


Osteodystrophy, due to chronic renal in- 
sufficiency, 1958: May, 425-7 
pannephritic. See Osteodystrophy due to 
chronic renal insufficiency. 
Osteoma. See under Tumors. 
Osteomyelitis of maxilla in newborn, 1956: 
Nov., 944 
Osteotomy for rachitic deformities, 1958: 
May, 439 
Ostium primum defect, 1958: Nov., 991, 
992, 994-5 
persistent, 1958: Nov., 1011. See 
also Endocardial Cushion Defects. 
Ostium secundum defect, 1958: Nov., 991, 
992 
Otitis externa. See under Ear, external. 
Otitis media, 1957: Feb., 288 
Otologist, hearing testing by, 1957: Aug., 
690 
Outbursts, explosive, 
1958: Aug., 570 
Ovalocytosis, genetics, 1957: May, 338 
Ovary, agenesis. See Gonads, dysgenesis. 
cyst, 1958: Feb., 104 
follicular, precocious puberty due to, 
1958: Feb., 75-8 
disease of, sexual precocity due to, 1957: 
Nov., 883-5 
in immaturity, 7958: Feb., 18 


impulsive, episodic, 
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Ovary, involvement in mumps, 1956: Nov., 


rudimentary, syndrome of. See Gonads, 
dysgenesis. 
tumor, 1958: Feb., 105 
sexual precocity due to, 1958: Feb., 
80, 136 
treatment, 1958: Feb., 106 
Overdependency in asthma, 1958: Aug., 
741-2 
Overeating, eating problems due to, 1958: 
Aug., 601 
Oxygen, administration, in prevention of 
cerebral palsy, 1957: Nov., 1001 
capacity, of blood, in cardiac catheteriza- 
tion, 1958: Nov., 920-24 
consumption, in cardiac catheterization, 
1958: Nov., 924-5 
content, of blood, in cardiac catheteriza- 
tion, 1958: Nov., 920-24 
deficiency, and increased carbon dioxide 
tension, 1957: Feb., 12 
treatment, 1957: Feb., 14 
cerebral palsy due to, 1957: Nov., 1006 
cyanotic, in newborn, treatment, 1958: 
Nov., 1096 
deafness due to, 1957: Aug., 686 
fetal distress due to, 1958: May, 268, 
269 
handicaps due to, 1957: Aug., 599, 


in newborn, 1957: Feb., 57, 58 

in premature infants, 1957: Feb., 11 
mechanism of action in retrolental fibro- 

plasia, 1958: Feb., 244-6 
postoperative, in proctology, 1956: Feb., 

64 


role in retrolental fibroplasia, 1958: Feb., 
242-4 
saturation, of blood, in cardiac catheter- 
ization, 1958: Nov., 920-24 
tension, decreased, in respiration, 1957: 
Feb., 5 
therapy, in heart failure, 1958: Nov., 
1136-7 
in interstitial plasma cell pneumonia, 
1957: Feb., 211 
in respiratory insufficiency in newborn, 
1957: Feb., 25 
uptake, in hypothermia, 1958: Nov., 1100 
use in premature nursery, recommenda- 
tions for, 1958: Feb., 246 
Oxygenation in _ proctologic 
1956: Feb., 55 
Oxytetracycline, absorption, 
297, 298, 299 
administration, 1956: May, 298, 299 
routes of, 1956: May, 452, 455 
chemical differentiation, 1956: May, 297 
dosage, 1956: May, 298, 299, 452 
in cystic fibrosis of pancreas, 1956: May, 
302 
in epilepsy, 1957: Nov., 1088 
in meningitis, 1956: May, 386, 387, 388 
in urogenital tract infections, 1956: May, 
373 


anesthesia, 


1956: May, 
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Oxytetracycline, mechanism of action, 1956: 
May, 228 
stability, 1956: May, 296 
toxicity, 1956: May, 301 
Oxyuriasis, 1956: Feb., 180-184 


PA 105, 1956: May, 314 
Pacifiers, use of, 1956: Nov., 1057 
Pain. See also under specific organs and 
regions. 
anorectal, 1956: Feb., 16 
in recurrent parotitis, 1956: Nov., 939 
lingual, 1956: Nov., 922 
psychogenic, during sleep, 1958: Aug., 
639 
Paints in atopic dermatitis, 1956: Aug., 616 
Palate, abnormalities, 1957: Feb., 77-8 
torus palatinus, 1956: Nov., 893 
cleft, 1957: Feb., 77, Aug., 710 
adequacy of tissue, 1956: Nov., 1041 
and harelip, adequacy of parts, 1956: 
Nov., 1002. See also Harelip. 
anatomy, 1956: Nov., 1001 
community aspects, 1956: 
1025 
distortion of parts, 1956: Nov., 1003 
emotional heath considerations, 
1956: Nov., 1023 
etiologic factors, 1956: Nov., 1024 
eugenic aspects, 1956: Nov., 1024 
facial defects influencing treatment 
of, 1956: Nov., 1010 
family counseling, 1956: Nov., 1024 
family reactions, 1956: Nov., 1012 
frequency, 1956: Nov., 996 a 
general orientation, 1956: Nov., 996 
growth factor in, 1956: Nov., 1009 
infant feeding, 1956: Nov., 1013 
management, changing trends in, 
1956: Nov., 996 
perspectives in, 1956: Nov., 995- 
1028 
relation of parts in space, 
Nov., 1003 
relation to adjacent structures, 1956: 
Nov., 1004 
socio-economic aspects, 1956: Nov., 
1025 
surgical considerations, 1956: Nov., 
1029-47 
training and research center, 1956: 
Nov., 999 
treatment, considerations, 
Nov., 1019 
dental considerations, 1956: Nov., 
1019 
in childhood through adolescence, 
1956: Nov., 1019 
in late infancy and early child- 
hood, 1956: Nov., 1015 
in neonatal period and early in- 
fancy, 1956: Nov., 1012 
medical considerations, 
Nov., 1019 


Nov., 


1956: 


1956: 


1956: 
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Palate, cleft, and harelip, variations, analy- 

sis of, 1956: Nov., 1002 

configuration of nasopharynx, /956: 
Nov., 1041 

eustachian tube function in, 
Nov., 1005 

functional activity of pharyngeal 
muscles, 1956: Nov., 1042 

genetic counselling in, 1958: May, 477 
80 

growth changes, 1956: Nov., 1042 

in newborn, 1956: Nov., 850 

isolated, anatomy, 1956: Nov., 1002 

length of soft palate, 1956: Nov., 1041 

orthodontics and, 1956: Nov., 1045 

palatopharyngeal action, 1956: Nov., 
1006 


1956: 


palatopharyngeal incompetence, 1956: 
Nov., 1008 
diagnostic tests, 1956: Nov., 1009 
pathophysiology, 1956: Nov., 1004 
risk-rate, 1956: Nov., 1025 
speech defects, 1956: Nov., 1017 
speech in, 1956: Nov., 1005 
speech training, 1956: Nov., 1046 
treatment, surgical, considerations for, 
1956: Nov., 1015 
timing of, 1956: Nov., 1016 
width of, 1956: Nov., 1039 
insufficiency, 1956: Nov., 1008 
laceration, 1956: Nov., 913 
soft, length of, in cleft palate, 1956: Nov., 


Palsy. See Paralysis. 
Pancreas, disease, fibrocystic, 1957: Feb., 
231ff. 
dwarfism due to, 1957: Nov., 942 
genetic counselling in, 1958: May, 
486 
in newborn, roentgen 
1957: Feb., 38 
fibrosis, cystic, modification of, 
Aug., 596, 597 
hormones, 1957: Nov., 974 
involvement in mumps, 1956: Nov., 935 
Pancydine. See Tetracycline(s). 
Panhypopituitarism. See Infantilism, pitui- 
tary, primary. 
Panmycin. See Tetracycline(s). 
Panuveitis, 1958: Feb., 173 
Papanicolaou smear technique in procto- 
logic examination, 1956: Feb., 24 
Papilledema. See under Nerves, optic. 
Papillitis, 1956: Feb., 119 
Papilloma. See under Tumors. 
Para-aminosalicylic acid, absorption, 1956: 
May, 247 
administration, 1956: May, 248 
applied pharmacology, 1/956: 
246-9 
chemistry, 1956: May, 246 
dosage, 1956: May, 248 
excretion, 1956: May, 247 
in tuberculosis, 1956: May, 365, 428, 
429, 434; 1957: Feb., 265, 266, Nov., 
1018 


diagnosis, 


1957: 


May, 
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Para-aminosalicylic acid, in tuberculous 
meningitis, 1957: Nov., 1019 
pharmacodynamic action, 1956: May 
246 
toxicity, 1956: May, 248 
Paracolon infections, 1956: May, 411 
Paradione. See Paramethadione. 
Parahemophilia, genetics, 1957: May, 343 
Paralysis, brachial, in newborn, 1957: Aug 
652 
cerebral, 1957: Aug., 704ff., Nov., 995 
1002, 1003-11 
causes and prevention, 
995-1002 
colic in, 1957: Nov., 1035, 1036 
diagnosis of, early, 1957: Nov., 
11 
neuromuscular status in, 1957: Nov., 
1008 
reflexes in, 1957: Nov., 1009 
of ocular muscles, 1958: Feb., 187-8 
periodic, familial, 1958: May, 408 
spastic, in cerebral palsy, 1957: Nov., 
1008 
Paramethadione in epilepsy, 
1083, 1086, 1087 
Parasites, skin infections due to, 
Aug., 625-37 
Parasitic diseases, mycotic, superficial, 1956: 
Aug., 571-3 
protozoan and metazoan, of intestinal 
tract, 1956: Feb., 169-90 
Parathyroid hormone, 1957: Nov., 973 
pseudohypoparathyroidism, dwarfism due 
to, 1957: Nov., 937-8 
Paratyphoid fever, immunization, 
1957: Aug., 622 
Paraurethral duct cyst, 1958: Feb., 39 
Paregoric in cough therapy, 1957: Feb.. 
161 
Parenteral infections, diarrhea complicat- 
ing, 1956: Feb., 141 
Parenteral therapy. See Fluid and electro- 
lyte, therapy. 
Parents, absence of, delinquency due to, 
1958: Aug., 761 
adolescent’s changing feelings 
1958: Aug., 781 
adopting, in adoptions, 1/958: May, 526 


1957: Nov.. 


1003- 


1957: Nov., 


1956 


active 


toward, 


attitudes toward accident awareness and 
prevention, 1957: Aug., 641 

cooperation in genital examination in 
young girls, 1958: Feb., 22-3 

counselling, in mental retardation, /958. 
Aug., 675-6 

guidance, in mental retardation, 
Aug., 677-8 

in etiology of schizophrenia, 1958: May, 
502-503 

in personality development, 1957: 
733 

natural, involvement in adoptions, /958: 
May, 525-6 

organizations, in management of children 
with brain damage, 1957: Nov., 1045 


1958: 


Aug.. 
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Parents, psychologic problems in, due to 
defect or damage of central nervous 
system, 1957: Nov., 1037 

psychotherapy with, in childhood schizo- 
phrenia, 1958: May, 507 
reactions to diagnosis of central nervous 
system defect or damage, 1957: Nov., 
1037 
working with, in behavior problems with 
brain damage, 1957: Nov., 1055 
Parity of mother in etiology of epilepsy, 
1957: Nov., 1066 
Paronychia, classification, 1956: Aug., 509 
treatment, 1956: Aug., 516 
Parotitis, bacterial, 1956: Nov., 937-41 
epidemic. See Mumps. 
recurrent, 1956: Nov., 937-40 
vs. mumps, 1/956: Nov., 935 
suppurative, 1956: Nov., 940-41 
vs. mumps, 1956: Nov., 35 
Pastes in atopic dermatitis, 1956: Aug., 615, 
617 
Paul-Bunnell test in infectious mononucle- 
osis, 1957: Feb., 132 
Pavor nocturnus. See Night terrors. 
Pearls, Bohn’s, in newborn, 1956: Nov., 848 
epithelial, in newborn, 1956: Nov., 848 
Epstein’s, in newborn, 1956: Nov., 848 
Pectus excavatum. See Thorax, funnel chest. 
Pediatric care of muscular defects, 1957: 
Aug., 706 
Pediatrician, and community program for 
handicapped children, 1957: Aug., 756 
and the orthodontist, 1956: Nov., 967- 
77 
hearing testing by, 1957: Aug., 688 
responsibility of, in dental examination, 
1956: Nov., 943-51 

Pediculosis, 1956: Aug., 630 

Peep show test of hearing, 1957: Aug., 690 

Peganone in epilepsy, 1957: Nov., 1083, 

1085 

Pelger-Huét anomaly. See under Leuko- 

cytes. 

Pelvirectal sphincter, 1956: Feb., 12 

Pelvis, diseases, complications of, 

pelvic, 1958: Feb., 95-110 
intrapelvic, 1958: Feb., 97-102 
irradiation of, in etiology of epilepsy, 
1957: Nov., 1064 
tumors, 1958: Feb., 104-108 
viscera, infections of, 1958: Feb., 102- 
104 

Pemphigus neonatorum. See Impetigo, of 

newborn. 

Penicillin, absorption, 1956: May, 261 

administration, intramuscular, effect on 
absorption, 1956: May, 262 
oral, 1956: May, 266 
effect on absorption, 
261 
parenteral, 1956: May, 267 
routes of, 1956: May, 265, 452, 455 
antagonism to ~ broad-spectrum antibi- 
otics, 1956: May, 269 


intra- 


1956: May, 
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Penicillin, applied pharmacology, 1956: 
May, 259-77 

bacterial resistance, 1956: May, 269 

benzathine G. See Benzathine penicillin 


chemistry, 1956: May, 260 

dosage, 1956: May, 265, 452 
forms, 1956: May, 266 
massive, effect of, 1956: May, 270 
weight vs. unitage, 1956: May, 270 

effect of tissue constituents on, 1956: 
May, 261 

efficiency, enhancement by cobalt, 1956: 
May, 226 

in acne vulgaris, 1956: Aug., 732 

in bronchopulmonary disease, 1957: Feb., 
237, 238 

in cellulitis, 1956: May, 272 

in congenital syphilis, 1956: May, 275 

in croup, 1957: Feb., 178 

in diphtheria, 1957: Feb., 140 

in diphtheria contacts, prophylactic, 1956: 
May, 275 

in encephalitis, 1957: Nov., 1023 

in eye injuries, perforating, 1958: Feb., 
218 

in fulminating meningococcemia, 1956: 
May, 275, 393 

in furunculosis, 1956: May, 272 

in glomerulonephritis, prophylaxis, 1957: 
Feb., 152 

in gonococcal infections, 1956: May, 274 

in gonorrheal vulvovaginitis, 1958: Feb., 


in infections of pelvic viscera, 1958: Feb., 
103 

in mastoditis, 1956: May, 273 

in meningitis, 1956: May, 272, 274, 386, 
387, 388, 389, 390 

in meningococcal infections, 1956: May, 

in meningococcus contacts, prophylactic, 
1956: May, 275 

in nasopharyngeal infections, 1957: Feb., 

162 


duration of therapy, 1957: Feb., 163 
in ophthalmia of newborn, 1956: May, 
274 
in oral surgery, prophylactic, 1956: May, 
275 
in ornithosis, 1956: May, 361, 362 
in osteomyelitis, 1956: May, 272 
in otitis media, 1956: May, 273 
in pneumococcal infections, 1956: May, 
274 
in pneumonia, 1956: May, 272, 274, 363 
in newborn, 1958: May, 294 
in pulmonary infections, 1956: May, 364 
in purulent meningitis, 1/957: Nov., 1016 
in respiratory infections, 1956: May, 273 
in rheumatic fever, 1958: Nov., 1146-7 
prevention of recurrences, 1958: 
Nov., 1153-4 
prophylaxis, 1956: May, 275, 402, 
452; 1957: Feb., 149, 150 
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Penicillin, in scarlet fever, 1956: May, 273, 
Nov., 881 
contacts, prophylactic, 1956: May, 
275 


in soft tissue abscess, 1956: May, 272 
in staphylococcal infections, 1956: May, 


in staphylococcal pneumonia and empy- 
ema, 1957: Feb., 225 
in streptococcal infections, 1956: May, 
273, 401; 1957: Feb., 146, 147 
in streptococcal pharyngitis, 1956: Nov., 
881 
in subacute bacterial endocarditis, 1956: 
May, 273, 405 
in urethritis, 1956: May, 274 
in urogenital tract infections, 1956: May, 
372 
in vulvovaginitis, 1956: May, 274 
indications, 1956: May, 271 
prophylactic, 1956: May, 276 
mechanism of action, 1956: May, 224 
physical properties, 1956: May, 260 
plus Gantrisin, jaundice due to, 1957: 
May, 401 
preparations, aqueous crystalline penicil- 
lin, absorption, 1956: May, 262 
crystalline aqueous penicillin G, par- 
enteral administration, 1956: May, 
267 
penicillin G, absorption, 1956: May, 
261 


penicillin O, chemistry, 1956: May, 260 
penicillin V, absorption, 1956: May, 
262 
chemistry, 1956: May, 260 
procaine penicillin G, absorption, 
1956: May, 262 
chemistry, 1956: May, 260 
parenteral administration, 1956: 
May, 267 
reactions, accidental, 1956: May, 442 
anaphylactic, 1956: May, 440 
side effects, 1956: May, 264 
solubility, 1956: May, 261 
source, 1956: May, 260 
staphylococcal resistance to, 1956: May, 


therapy, current, general comments on, 
1956: May, 268 
tissue distribution, 1956: May, 263 
toxicity, 1956: May, 264 
unitage, 1956: May, 261 
use, indiscriminate, in pediatrics, 1956: 
May, 270 
Pentobarbital in atopic dermatitis, 1956: 
Aug., 622 
Peptic ulcer, rectal bleeding due to, 1956: 
Feb., 211 
Perception in behavorial syndrome with 
brain damage, 1958: Aug., 692-4 
Perforation as indication for operation, in 
ulcerative colitis, 1956: Feb., 160 
Periapical infection, 1956: Nov., 859-60 
Periappendicular membranes, 1956: Feb., 4 
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Periarteritis nodosa, cutaneous manifesta- 
tions, 1956: Aug., 821 
Pericardial cysts, 1957: Feb., 83 
Perinatal factors, in epilepsy, 1957: Nov.. 
1066 
in prevention of handicaps, 1957: Aug., 
595-609 
Perinatal period, handicaps in, 1957: Aug., 
596 
scope of, 1957: Aug., 597 
Perineum, inflammation, 1958: Feb., 35-6 
Periodontitis, 1957: Aug., 726 
Periporitis, 1956: Aug., 794 
Peritonitis, idiopathic. See Peritonitis, pri 
mary. 
primary, 1958: Feb., 97-102 
Permapen. See Benzathine penicillin G. 
Perphenazine in behavior disorders, 1958: 
Aug., 579 
Personality, development, 1958: Aug., 736f 
culture and, 1957: Aug., 733 
in adolescence, 1957: Aug., 741 
in infancy, 1957: Aug., 735 
in prenatal period, 1957: Aug., 735 
in preschool period, 1957: Aug., 740 
in run-about child, 1957: Aug., 737 
in school years, 1957: Aug., 741 
individual differences, 1957: 
732 
parents and, 1957: Aug., 733 
physician’s role in, 1957: Aug., 743 
stages, 1957: Aug., 734 
patterns, in brain-damaged children with 
behavior problems, 1957: Nov., 1053 
Personnel in reduction of neonatal mor- 
tality, 1958: May, 266 
Pertussis. See Whooping Cough. 
Petrolatum, liquid, in constipation, 1958: 
Aug., 754 
Peutz-Jegher syndrome, 1956: Feb., 102 
Phallus, enlargement of, with gonadal dys- 
genesis, 1957: Nov., 840 
Pharyngitis, exudative, nonbacterial, 1958: 
May, 303 
vs. streptococcal 
Feb., 144 
febrile, 1957: Feb., 119 
streptococcal, 1957: Feb., 141 
diagnosis, 1956: Nov., 881 
oral manifestations, 1956: Nov., 880 
treatment, 1956: Nov., 881 
vs. pharyngoconjunctival fever, 1957: 
Feb., 125 
vesicular. See Throat, infections, herpan- 
gina. 
Pharyngoconjunctival 
Adenovirus. 
Pharynx, mucosa, trauma to, 
849 


Aug., 


infection, 1957: 


fever. See under 


956: Nov., 

muscles, functional activiiy, in cleft 
palate, 1956: Nov., 1042 

oropharynx, burns, 1956: Nov., 913-15. 
See also Mouth, burns. 


visualization, in newborn, 1956: Nov., 
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Phenacemide in epilepsy, 1957: Nov., 1082, 
1089 
Phenergan. See Promethazine. 
Phenobarbital in epilepsy, 1957: Nov., 1081, 
1082, 1084 
Phenobarbital sodium, in cine-angiocardi- 
ography, 1958: Nov., 950 
in infectious croup, 1957: Feb., 178 
Phenol, in rectal procidentia, 1956: Feb., 
9 


in rectal prolapse, 1956: Feb., 118 
Phenothiazine derivatives in behavior dis- 
orders, 1958: Aug., 575-80 
Phenotype, 1957: May, 326 
Phensuximide in epilepsy, 1957: Nov., 1083, 
1087 
Phentolamine test, 1957: Nov., 968 
Phenurone. See Phenacemide. 
Phenylacetylurea. See Phenacemide. 
Phenylephrine in asthma, 1957: Feb., 296 
Phenylketonuria, 1957: Nov., 1026; 1958: 
Aug., 674 
Phenylpyruvic oligophrenia, 
681 
Pheochromocytoma, dwarfism due to, 1957: 
Nov., 937 
Philadelphia school program for special 
education, 1957: Aug., 749 
Phobia, school, 1958: Aug., 645-66. See 
also School Phobia. 
Phrenic nerve paralysis in newborn, 1957: 
Feb., 65, 66 
Phthalylsulfathiazole. See under Sulfona- 
mides. 
Physical examination, in bronchopulmonary 
disease, 1957: Feb., 232 
in cerebral palsy, 1957: Nov., 1007 
in epilepsy, 1957: Nov., 1071 
Physical findings on genital examination in 
young girls, 1958: Feb., 30 
Physical therapy in muscular defects, 1957: 
Aug., 705 
Physician-adolescent 
Aug., 778-9 
Physicians, adoption and, 1958: May, 523- 
30. See also Adoption. 
as crusader in accident prevention, 1957: 
Aug., 645 
eating problems due to, 1958: Aug., 601, 
602 
responsibility in prevention of postnatal 
brain diseases, 1957: Nov., 1013-32 
role of, in accident prevention, 1957: 
Aug., 643 
house calls and, 1957: Aug., 645 
office literature, 1957: Aug., 644 
in management of brain damage, 1957: 
Nov., 1041 
in personality development, 
Aug., 743 
in prevention of juvenile delinquency, 
1958: Aug., 762-5 
sexual precocity due to, 1958: Feb., 85-7 
Physiologic factors in epilepsy, 1957: Nov., 
1062 
Pica. See under Appetite, disorders. 


1958: Aug., 


relationship, 1958: 


1957: 
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Pierre-Robin syndrome, 1956: Nov., 1011; 
1957: Feb., 78 
in newborn, 1956: Nov., 850 

Pigment anomalies of skin, 1956: Aug., 
693 

Pigmentation, cutaneous, Mongolian spots, 
1956: Aug., 685 

Pilosebaceous apparatus, in acne vulgaris, 
1956: Aug., 722 

Pineal extract in pathogenesis of schizo- 
phrenia, 1958: Aug., 707 

Pinworm infection. See Oxyuriasis. 

Piperazine hexahydrate in oxyuriasis, 1956: 
Feb., 183 

Pituitary dwarfism. See under Dwarfism. 

Pituitary hormones, anterior, 1957: Nov., 


posterior, 1957: Nov., 962 
Pituitary infantilism, 1957: Nov., 838 
primary, 1957: Nov., 838 
secondary, 1957: Nov., 839 
Pityriasis oleosa, 1956: Aug., 748 
Pityriasis pilaris. See Keratosis pilaris. 
Pityriasis rosea, 1956: Aug., 801-9 
inverse, 1956: Aug., 804 
Pityriasis sicca, 1956: Aug., 748 
Placenta, function, tests of, 1958: May, 
271-2 
Planing, therapeutic, in acne vulgaris, 1956: 
Aug., 729 
Plants, contact dermatitis due to, 1956: 
Aug., 653 
Plasma. See also under Blood. 
Plasma thromboplastin antecedent, 1957: 
May, 532 
deficiency, 1957: May, 540-41 
Plasma thromboplastin component, 1957: 
May, 342, 532 
deficiency, 1957: May, 540 
genetics, 1957: May, 343 
Plasma thromboplastin precursors’ in 
plasma and serum, 1957: May, 541 
Platelets. See under Blood. 
Pleura, diseases, in newborn, roentgen diag- 
nosis, 1957: Feb., 39 
effusion, in newborn, roentgen diagnosis, 
1957: Feb., 40 
in staphylococcal pneumonia, 
Feb., 222 
Pneumatocele, pulmonary, in staphylococ- 
cal pneumonia, 1957: Feb., 223 
Pneumococcal meningitis, 1956: May, 382 
Pneumocystis pneumonia. See Pneumonia, 
plasma cell, interstitial. 
Pneumoencephalography. See under Brain. 
Pneumomediastinum in newborn, 1957: 
Feb., 63, 64 
roentgen diagnosis, 1957: Feb., 39 
Pneumonia, and empyema, staphylococcal, 
complications, 1957: Feb., 228 , 
aspiration, in newborn, roentgen diag- 
nosis, 1957: Feb., 35 
atypical, primary, 1958: May, 303 
treatment, 1956: May, 362 
giant cell, in newborn, roentgen diag- 
nosis, 1957: Feb., 39 


1957: 
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Pneumonia, in newborn, /957: Feb., 61, 
roentgen diagnosis, 1957: Feb., 34 
plasma cell, interstitial, 1957: Feb., 203- 

14; 1958: May, 327-35 
roentgen diagnosis, 1957: Feb., 
39, 208 
pneumocystis. See Pneumonia, 
cell, interstitial. 
staphylococcal, and 
Feb., 215-29 
in newborn, roentgen diagnosis, 1957: 
Feb., 37 
treatment, 1956: May, 363 
unusual types, in newborn, roentgen di- 
agnosis, 1957: Feb., 39 
vs. peritonitis, primary, 1958: Feb., 99, 
100 
Pneumonitis, 
243-53 
interstitial, or viral. See also Bronchio- 
litis. 
of newborn, clinical 
1957: Feb., 194 
roentgen diagnosis, 1957: Feb., 39 
primary, immunology, 1957: Feb., 198 
pathology, 1957: Feb., 195 
Pneumoperitoneum, roentgen examination, 
1956: Feb., 29 
Pneumothorax in newborn, 1957: Feb., 63, 
64 
roentgen diagnosis, 1957: Feb., 39 
Poison control centers, 1957: Aug., 643 
Poison ivy dermatitis, 1956: Aug., 651 
Poisoning. See also under specific sub- 
stances, as Acetylsalicylic acid, etc. 
accidental, 1957: Aug., 639 
lead, 1957: Nov., 1030-31 
Poisons, mitotic, for warts, 1956: Aug., 526 
Poliomyelitis, 1956: May, 457-81; 1/957: 
May, 563-76 
immunization, active, 1957: Aug., 622 
passive, 1957: Aug., 625 
Pollen(s), contact dermatitis due to, 1956: 
Aug., 652 
elimination, in atopic dermatitis, /956: 
Aug., 615 
Polycycline. See Tetracycline(s). 
Polymyxin, 1956: May, 329 
absorption, 1956: May, 332 
administration, 1956: May, 333 
intrathecal, 1956: May, 334 
oral, 1956: May, 334 
routes of, 1956: May, 453, 455 
topical, 1956: May, 334 
antimicrobial activity, 1956: May, 330 
applied pharmacology, 1956: May, 329 
36 


plasma 


empyema, /957: 


hydrocarbon, 1957: Feb., 


manifestations, 


clinical use, 1956: May, 334 

distribution, 1956: May, 332 

dosage, 1956: May, 333, 453 

excretion, 1956: May, 332 

in bronchopulmonary disease, 1957: Feb., 
237, 238 

in infections, 1956: May, 336 

in meningitis, 1956: May, 334, 335 
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Polymyxin, in otitis externa, 1956: Aug. 
$17 
in purulent meningitis, 1957: Nov., 1016 
in pyelonephritis, 1956: May, 335 
in Shigella infections, 1956: May, 413 
in shigellosis, 1956: May, 335 
in urogenital tract infections, 1956: May 


local pain at site of injection, 1955: May 
331 
mechanism of action, 1956: May, 229 
neomycin and bacitracin, applied phar 
macology, 1956: May, 329-44 
nephrotoxicity, 1956: May, 332 
neurotoxicity, 1956: May, 331 
preoperative use, 1956: May, 339 
toxicity, 1956: May, 331 
Polyostotic fibrous dysplasia, cutaneous 
manifestations, 1956: Aug., 816 
Polyp. See under Tumors. 
Polyposis, of colon, 1956: Feb., 101. See 
also Colon, polyposis. 
rectal bleeding due to, 1/956: Feb., 212 
Polyuria in diabetes mellitus, 1957: Nov.. 
805 
Pontocaine. See Tetracaine. 
Porphyria, 1956: Aug., 812 
congenital, genetics, 1957: May, 339 
Port-wine mark. See Nevus flammeus. 
Position in heart failure, 1958: Nov., 1137 
Postmatures, aspiration syndrome of, roent- 
gen diagnosis, 1957: Feb., 33 
Postmaturity, handicaps due to, 1957: Aug., 
601 
Postnatal history in cerebral palsy, 1957: 
Nov., 1006 
Posture, tests of, in brain-damaged chil- 
dren, 1958: Aug., 691 
Potassium, and antimony 
Tartar emetic. 
depletion, 1956: Feb., 58 
in acute leukemia, 1957: May, 514 
in diabetes mellitus, 1957: Nov., 807 
in erythema multiforme, 1956: Aug., 778 
in hypokalemia, 1957: Feb., 303 
Potassium chloride, in diarrhea, 
Feb., 147 
in digitalis toxicity, 1958: Nov., 1133 
in heart failure, 1958: Nov., 1136 
in rheumatic fever, 1958: Nov., 1150 
Potassium chloride-Ringer’s solution in po- 
tassium depletion, 1956: Feb., 58 
Potassium iodide in status asthmaticus, 
1957: Feb., 300 
Potassium lactate in Waterhouse-Friderich- 
sen syndrome, 1956: May, 393 
Potassium-losing nephritis. See Aldosteron- 
ism due to adrenal adenoma. 
Potassium permanganate, in atopic derma- 
titis, 1956: Aug., 615, 617 
in bacterial infections of skin, 1956: 
Aug., 514 
in contact 
661 
Poudrage, pericardial, in endocardial fibro- 
elastosis, 1958: Nov., 1072 


tartrate. See 


1956: 


dermatitis, 1956: Aug., 
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Powders, drying, in contact dermatitis, 
1956: Aug., 660 

Prantal. See Diphemanil. 

Prediction data in juvenile delinquency, 
1958: Aug., 763-5 

Prednisolone, in chemical burns of eyes, 

1958: Feb., 223 
in sympathetic ophthalmia, 1958: Feb., 
Prednisone, in auto-immune hemolytic dis- 
ease, 1957: May, 438 
in hemophilia, 1957: May, 539 
in leukemia, 1957: May, 513, 520 
in rheumatic fever, 1958: Nov., 
1151 
in status asthmaticus, 1957: Feb., 301, 
304 
Pregnancy, anemia during, in etiology of 
epilepsy, 1957: Nov., 1065 
anesthesia during, in etiology of epilepsy, 
1957: Nov., 1065 
cyanosis during, in etiology of epilepsy, 
1957: Nov., 1065 
diet during, in etiology of epilepsy, 1957: 
Nov., 1064 
effect on aldosterone production, 1958: 
May, 410 
febrile illness during, in etiology of epi- 
lepsy, 1957: Nov., 1064 
heterospecific, 1957: May, 406 
ABO hemolytic disease and, /957: 
May, 405-28. See also Hemolytic dis- 
ease, ABO. 
biologic effects, 1957: May, 415 
in adolescence, 1958: Feb., 142 ff. 
prenatal care, 1958: Feb., 145-7 
toxemia in, 1958: Feb., 146, 147 
prenatal care in prevention of mortality, 
1958: May, 265 
prolongation by 
Nov., 1000 
toxemia in, in etiology of epilepsy, 1957: 
Nov., 1067 
vomiting in, in etiology of epilepsy, 1957: 
Nov., 1064 

Pregnanediol determination, urinary, 1957: 
Nov., 837 

Pregneninolone in endometrial hyperplasia, 
1958: Feb., 58 

Premarin. See under Estrogens. 

Premature infant, blood chemical changes, 

1957: Feb., 10, 11 
mortality rate, 1958: May, 260 

Prematurity, anemia of, 1957: May, 381 

as cause of neonatal death, 1957: Feb., 
54 

cerebral palsy due to, 1957: Nov., 996, 
999, 1000 

handicaps due to, 
Aug., 604 

retinopathy of. See Retrolental fibro- 
plasia. 

Prenatal. See also Fetus; Labor; Pregnancy. 
factors in epilepsy, 1957: Nov., 1063 
history in cerebral palsy, 1957: Nov., 
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Prenatal period, personality development 
in, 1957: Aug., 735 
Prenderol in epilepsy, 1957: Nov., 1083, 
1087 
Prepuce, adherent, 1958: Feb., 37-8 
Preschool period, health supervision dur- 
ing, 1957: Aug., 653 
personality development in, 
Aug., 740 
Presentation. See under Labor. 
Prickly heat. See Miliaria. 
Primaquine-sensitive erythrocytes, 
May, 339 
Primidone in epilepsy, 1957: Nov., 1083, 
1084, 1085 
Pro-accelerin. See Blood, factor V. 
Probanthine. See Propantheline. 
Procaine in proctologic anesthesia, 1956: 
Feb., 63, 64 
Procaine amide in digitalis toxicity, 1958. 
Nov., 1133 
Procaine hydrochloride, 
1956: Feb., 121 
in cine-angiocardiography, 1958: Nov., 
950 
Procaine penicillin G. See under Penicillin, 
preparations. 
Prochlorperazine 
1958: Aug., 579 
Proconvertin. See Serum prothrombin con- 
version accelerator. 
Proctologic examination, 1956: Feb., 15- 
6 


1957: 


1957: 


in anal fissure, 


in behavior disorders, 


diagnostic procedures, 1956: Feb., 
y 
proctoscopic, 1956: Feb., 17 
recto-abdominal, 1956: Feb., 17 
Proctologic lesions, psychosomatic aspects, 
1956: Feb., 197-206 
Proctology, anesthesia for, 1956: Feb., 
53-66. See also Anesthesia for proc- 
tology. 
symposium on, 1956: Feb., 1-214 
Proctoscope, 1956: Feb., 19 
in diagnosis of polyps of colon and rec- 
tum, 1956: Feb., 97, 98 
Progesterone, effect on breast development, 
1958: Feb., 64 
for medical dilatation and curettage, 
1957: Nov., 837 
in endometrial hyperplasia, 1958: Feb., 
in prolongation of pregnancy, 
Nov., 1000 
tests for, 1957: Nov., 969 
Progestins, 1957: Nov., 968 
Prognathism. See under Jaws, deformities. 
Promazine in behavior disorders, 1958: 
Aug., 578-9 
Promethazine, in behavior disorders, /958: 
Aug., 580 
in cardiac catheterization, 1958: Nov., 
908 
Propanediol derivatives, in behavior dis- 
orders, 1958: Aug., 585-6 
toxicity, 1958: Aug., 589, 590 


1957: 
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Propantheline in tinea pedis, 1956: Aug., 
570 
Prosthesis, speech, in cleft palate, 1956: 
, Nov., 1016, 1017, 1021, 1022 
Protein-bound iodine. See under Jodine. 
Proteins, absorption, in malabsorption syn- 
drome, 1958: May, 364 
in diet in diabetes mellitus, 1957: Nov., 
812 
restriction, in osteodystrophy due to 
chronic renal insufficiency, 1958: May, 
427 
serum. See under Blood. 
Proteus infections, 1956: May, 411 
Protozoan and metazoan parasitoses of in- 
testinal tract, 1956: Feb., 169-90 
Protozoan infection, 1956: May, 414 
Pseudocryptorchidism. See under Testes, 
undescended. 
Pseudohemophilia. See Hemophilia, vascu- 
lar. 
Pseudohermaphroditism. See under Her- 
maphroditism. 
Pseudohypoparathyroidism. See under Para- 
thyroid. 
Pseudomonas infections, 1956: May, 411 
Pseudostrabismus. See under Strabismus. 
Psittacosis, diagnosis, 1956: May, 358 
treatment, 1956: May, 361 
Psoriasis, vs. atopic dermatitis, 1956: Aug., 
609 
vs. pityriasis rosea, 1956: Aug., 808 
Psychogalvanic skin resistance test of hear- 
ing, 1957: Aug., 690 
Psychologic aspects of management of de- 
fects or damage of central nervous sys- 
tem, 1957: Nov., 1033-48 
Psychologic characteristics and needs of 
children, 1958: Aug., 562 
Psychologic factors, in epilepsy, 
Nov., 1062, 1063, 1070 
in obesity, 1957: Nov., 954 
Psychologic handicaps, muscular defects 
and, 1957: Aug., 703 
Psychologic problems due to defect or dam- 
age of central nervous system, 1957: 
Nov., 1036 
Psychologic tests, in cerebral palsy, 1957: 
Nov., 1010 
in schizophrenia, 1958: Aug., 703 
performance, in behavior problems 
with brain damage, 1957: Nov., 1054 
Psychopathology, development of, relation 
to disturbances in maternal-infant inter- 
action, 1957: Nov., 1035 
Psychosis, autistic, 1958: May, 496-7 
symbiotic, 1958: May, 496-7, Aug., 701 
Psychosomatic aspects of proctologic le- 
sions, 1956: Feb., 197-206 
Psychosomatic factors and masturbation, 
1958: Feb., 111-18 
Psychotherapy, for warts, 1956: Aug., 
526 


1957: 


in central nervous system defects or dam- 
age, 1957: Nov., 1045 
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Psychotherapy, in mental retardation, 1958 
Aug., 679-80 
in schizophrenia, 1958: May, 507 
in ulcerative colitis, 1956: Feb., 159 
Pteroylglutamic acid, 1957: May, 517 
PTF-D factor, 1957: May, 542 
Pubarche, premature, 1958: Feb., 82 
Puberty. See also Adolescence. 
early changes in, recognition of, 1957 
Nov., 832 
precocious, 1958: Feb., 71 
cerebral, 1958: Feb., 73, 78 
constitutional, 1958: Feb., 73, 75-9 
true, 1958: Feb., 73-9 
treatment, experimental, 1958: Feb 
87-91 
pseudoprecocious, 1958: Feb., 80-87 
sexual precocity, 1958: Feb., 71 
classification, 1958: Feb., 72 
due to adrenal tumor, 1957: Nov., 
881; 1958: Feb., 133ff. 
due to cerebral disease, in boys, 
1957: Nov., 881-2 
in girls, 1957: Nov., 885 
due to ovarian disease, 1957: Nov., 
883-5 
due to ovarian tumor, 1958: Feb., 
136 
due to testicular disease, 1957: Nov., 


gynecologic aspects, 1958: Feb., 71- 
93 


hormonal disturbances in, 1957: 
Nov., 970 
iatrogenic, 1958: Feb., 85-7 
isosexual, 1957: Nov., 873-87; 1958: 
Feb., 72 
constitutional, in 
Nov., 873-6 
due to adrenal disease, 1957: Nov., 
876-81 
idiopathic. 
precocity, 
tional. 
in boys, 1957: Nov., 873 
in girls, 1957: Nov., 882-6 
constitutional, 1957: Nov., 882- 
3 


boys, 1957: 


See Puberty, sexual 
isosexual, constitu- 


due to adrenal disease, 1957: 
Nov., 883 
miscellaneous types, 1957: Nov., 
885-6 
Pubic hair, development of, premature, 
1957: Nov., 886 
Puerperium in adolescence, management of, 
1958: Feb., 148 
Pulmonary. See also Lungs. 
hypertension, hyperkinetic, 1958: May, 
338 


idiopathic, 1958: May, 337-52 
secondary, 1958: May, 339 
valve, atresia, diagnosis, 1958: 
1004-5 
obstruction, during cardiac catheteri- 
zation, 1958: Nov., 940 


Nov., 
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Pulmonary valve, stenosis, cine-angiocardio- 
grams in, 1958: Nov., 965-7 
in newborn, 1958: Nov., 1094 
treatment, 1958: Nov., 1096 
pure, electrocardiogram in, 
Nov., 892-3 
vs. idiopathic pulmonary hyperten- 
sion, 1958: May, 344 
with normal aortic root, diagnosis, 
1958: Nov., 988-90 
with reversed interatrial shunt, diag- 
nosis, 1958: Nov., 1005-6 
Pulp, tooth. See under Teeth. 
Pulpectomy, 1956: Nov., 986 
Pulpotomy, 1956: Nov., 985 
Pulse, in atrial septal defect, 1958: Nov., 
992 
in coarctation of aorta, 1958: Nov., 986 
in Eisenmenger syndrome, 1958: Nov., 
999 


1958: 


in patent ductus arteriosus, 1958: Nov., 
997 
in ventricular septal defect, 1958: Nov., 


Pupils. See under Eyes. 
Purinethol. See Mercaptopurine. 
Purpura, thrombocytopenic, acute, vs. acute 
leukemia, 1957: May, 506 
essential, genetics, 1957: May, 340 
Pyelitis. See Pyelonephritis. 
Pyelonephritis vs. peritonitis, 1958: Feb., 
100 
Pyodermas, common, 
1956: Aug., 505 
Pyopneumothorax in staphylococcal pneu- 
monia, 1957: Feb., 222 
Pyosalpinx, 1958: Feb., 102 
Pyribenzamine. See Tripelennamine hydro- 
chloride. 
Pyridoxine in tuberculosis, 1957: Feb., 266 
Pyrogen reactions due to cardiac catheteri- 
zation, 1958: Nov., 940 


classification of, 


Q FEVER, diagnosis, 1956: May, 358 
QRS complex. See Heart, electrocardiogra- 
phy, ventricular complex. 
Query fever. See Q fever. 
Quinine urea hydrochloride, in rectal pro- 
cidentia, 1956: Feb., 119 
in rectal prolapse, 1956: Feb., 118 


Rasigs, 1957: Nov., 1021 
immunization, passive, 1957: Aug., 626, 
628 
Race, in onset of menstruation, 1958: Feb., 


in prognosis of tuberculosis, 1957: Feb., 
259 
Radiation, artificial, 1957: Aug., 764 
general survey, 1957: Aug., 763 
handicaps due to, 1957: Aug., 599 
hazards, 1957: Aug., 765 
injury, of eyes, 1958: Feb., 223-4 
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Radiation, ionizing, responsibilities of medi- 
cal profession in use of, 1957: Aug., 
763-7 

leukemia due to, 1957: May, 501 
medical and occupational, general recom- 
mendations, 1957: Aug., 765 
natural, 1957: Aug., 764 
Radioactive iodine. See under Iodine. 
Radiotherapy in vascular nevi, 1956: Aug., 
674 

Railway nystagmus. See Nystagmus, opto- 

kinetic. 

Ranula in newborn, 1956: Nov., 851 

Rape, 1958: Feb., 45 

Rash, diaper. See Dermatitis, diaper. 

heat. See Miliaria. 
in scarlet fever, 1957: Feb., 142 
Raspberry mark, 1956: Aug., 672 
Rauwolfia serpentina, in behavior disorders, 
1958: Aug., 580-82 
due to brain damage, 1957: Nov., 
1057 
toxicity, 1958: Aug., 589 
Reactions, id, and immunology, 
Aug., 585 
overcompensatory, 
1958: Aug., 695 
undercompensatory, 
1958: Aug., 696 
Reading, disabilities, 1958: May, 513-22 
disorders, 1957: Aug., 697-700 
mirror, 1957: Aug., 698 
problems, 1957: Aug., 677 
speech, 1957: Aug., 694 

Rebellion. See Behavior, rebellious. 

Recklinghausen’s disease, neurofibromato- 

sis. See Neurofibromatosis. 
Recognition, need for, in adolescence, 1958: 
Aug., 776-7, 783-4 

Recreational activities in diabetes mellitus, 
1957: Nov., 814 

Rectoperineal fistula. See under Fistula. 

Recto-urethral fistula vs. rectovesical fistula, 
1956: Feb., 70 

Rectovaginal fistula. See under Fistula. 

Rectovesical fistula. See under Fistula. 

Rectum. See also Anorectum; Anus. 

abnormalities, congenital, 1956: Feb., 13 
anatomy, 1956: Feb., 94 
and colon, anatomy, applied, 1956: Feb., 
3-13 
neoplasms, 1956: Feb., 93-111 
bleeding from, 1956: Feb., 207-14 
as symptom of polyp, 1956: Feb., 96 
dilatations, 1956: Feb., 74 
instillations, in ulcerative colitis, 1956: 
Feb., 159 
nervous system, autonomic, 1956: Feb., 9 
perforation, roentgen examination, 1956: 
Feb., 29 
polyps, 1956: Feb., 94-101 
procidentia, 1956: Feb., 117-19 
prolapse, 1956: Feb., 117-19 
sphincters, 1956: Feb., 12 
venous return of blood from, 1956: Feb., 


1956: 
in brain damage, 


in brain damage, 
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Reflex, defecation, 1956: Feb., 128 
in cerebral palsy, 1957: Nov., 1009 
pupillary, 1958: Feb., 196 
Refraction. See under Eyes. 
Regitine. See Phentolamine. 
Rehabilitation, auditory, 1957: Aug., 693 
Reiter’s syndrome, 1956: Aug., 781 
Rejection by parents of brain-damaged 
child, 1957: Nov., 1039 
Relaxants. See under Muscles. 
Renal. See Kidneys. 
Reserpine. See Rauwolfia serpentina. 
Respiration, abnormal, in newborn, /958: 
Nov., 1091-2 
at birth, relation to cerebral palsy, 1957: 
Nov., 997 
chemical deviations, 1957: Feb., 11 
chemical factors, 1957: Feb., 4 
chemical regulation, in neonatal period, 
1957: Feb., 9 
Cheyne-Stokes, 
1957: Feb., 11 
disorders of, in newborn, correlation of 
clinical and pathological observa- 
tions, 1957: Feb., 53-68 
treatment, 1957: Feb., 25 
hyperventilation, 1957: Feb., 4, 5 
hypoventilation, in newborn, 1957: Feb., 
12 
in cleft palate, 7956: Nov., 1004 
in newborn, roentgen changes during, 
1957: Feb., 30 
process of, 1957: Feb., 3 
rate, fluctuations in, 1957: Feb., 18 
causes, 1957: Feb., 23 
in newborn, significance, 1957: Feb., 
18 
measurement, 1957: Feb., 25 
recording, 1957: Feb., 25 
regulation by carbon dioxide, 1957: Feb.., 
4 


in premature infants, 


rhythms, in newborn, 1957: Feb., 24 
seesaw, 1957: Feb., 23 
tissue, 1957: Feb., 8 

Respiratory alkalosis, 1957: Feb., 8, 14 

Respiratory center, 1957: Feb., 3, 4 

Respiratory disease virus, acute. See Ade- 
novirus. 

Respiratory distress syndrome, 1958: May, 
267-8 

Respiratory function, 
in newborn infants, 
26 

Respiratory gases, transport of, 1957: Feb., 
6 


clinical evaluation, 
1957: Feb., 17- 


Respiratory group, hebdomadal deaths ac- 
cording to, 1957: Feb., 19 
Respiratory illness virus. See Adenovirus. 
Respiratory reflexes, 1957: Feb., 5 
Respiratory tract. See also Bronchus; 
Lungs. 
abnormalities, 1957: Feb., 73-102 
association with other anomalies, 
1957: Feb., 96 
congenital, roentgen diagnosis, 1957: 
Feb., 41 


INDEX TO VOLUMES 3, 4 AND 


5 (1956, 1957 AND 1958) 


Respiratory tract, abnormalities, genetic as 
pects and implications, 1957: Feb., 9° 
allergic problems, laboratory finding: 
1957: Feb., 286 
disease, acute, 1958: May, 302-303 
undifferentiated, diagnosis, 195¢ 
May, 355, 356 
age factors, 1956: May, 359 
clinical spectrum, 1956: May, 359 
diagnosis, 1956: May, 358 
primary, 1956: May, 359 
secondary, 1956: May, 359 
viral, treatment, 1956: May, 362 
infections, acute, types and etiology 
1956: May, 354 
bacterial, treatment, 1956: May, 36 
diagnosis, 1956: May, 353 
and antimicrobial therapy, 1956 
May, 353-67 
and treatment, 1957: Feb., 155 
febrile, 1958: May, 303 
treatment, 1956: May, 361 
obstruction, as complication of frac 
ture of jaw, 1956: Nov., 918 
of newborn, bacterial pathogens of, 
1957: Feb., 69-72 
upper, allergic problems in, 
Feb., 285-91 
Rest in tuberculosis, 1957: Feb., 267 
Resuscitation of newborn, 1957: Aug., 605 
in etiology of epilepsy, 1957: Nov., 
1068 
Retardation, mental, special education of 
children with, 1957: Aug., 748, 752 
Retention cyst of vulva, 1958: Feb., 39 
Reticulocytes, normal values, 1957: May, 
364 
Reticulocytosis vs. acute leukemia, 1957: 
May, 506 
Reticuloendothelial system, diseases, cu- 
taneous manifestations, 1956: Aug., 814 
Reticuloendotheliosis. See Histoplasmosis; 
Reticuloendothelial system, diseases. 
Reticulum cell sarcoma of jaw, 1956: Nov., 
901 
Retina, disorders, peripheral, 1958: Feb., 
200 


1957: 


fold, in retrolental fibroplasia, 1958: 
Feb., 242 
Retinoblastoma, 1957: Aug., 676 
Retinopathy of prematurity. See Retrolentai 
fibroplasia. 
Retrocolic fossa, 1956: Feb., 6 
Retrolental fibroplasia, 1957: Aug., 674; 
1958: Feb., 239-47 
active phase, 1958: Feb., 240 
cicatricial phase, 1958: Feb., 241-2 
oxygen in, mechanism of action, 1958: 
Feb., 244-6 
role of, 1958: Feb., 242-4 
prevention, 1957: Aug., 604, 605 
proliferative stages, 1958: Feb., 240 
retinal stage, 1958: Feb., 240 
vascular stage, 1958: Feb., 240 
Retrolental mass in retrolental fibroplasia, 
1958: Feb., 242 
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Retroperitoneal cyst, 1956: Feb., 5 
Retroperitoneal hernia. See under Hernia. 
Retropharyngeal space, normal, in new- 
born, roentgen findings, 1957: Feb., 31 
Rh factor. See under Blood, groups. 
Rh locus, gene symbols, 1957: May, 333 
Rhesus factor, 1957: May, 331. See also 
Blood, groups, Rh factor. 
Rheumatic fever, 1956: May, 399; 
Nov., 1143-59 
acute, duration of attack, 1958: Nov., 
1144 
treatment, /958: Nov., 
and glomerulonephritis, 
1957: Feb., 147 
cardiac damage in, 1958: Nov., 1146 
clinical manifestations, 1957: Feb., 149 
as basis of treatment, 1958: Nov., 
1144-6 
cutaneous manifestations, 1956: Aug., 


1958: 


1143-52 
prevention, 


epidemiology, 1957: Feb., 148 
genetic counselling in, 1958: May, 487 


8 

management, 1/958: Nov., 1143-59 

prevention, 1/956: May, 402; 1957: 
Feb., 148 

recurrences, prevention, 1958: Nov., 
1152-8 


streptococcal infection in, importance. 
1956: May, 399 
treatment, 1957: Feb., 149 
vs. acute leukemia, 1957: May, 505 
Rhinitis, 1957: Feb., 287 
Rhinodymia, 1957: Feb., 75 
Rhinoencephalocele. See 
nasal. 
Rhus dermatitis, 1956: Aug., 651 
Rhythm, triple or gallop. See Heart, sounds, 
ventricular filling. 
RI virus. See Adenovirus. 
Rickets, 1958: May, 417-41 
biochemical findings, 1958: May, 422 
classification, 1958: May, 418, 419, 420 
procedure, 1958: May, 421-3 
cystine storage disease with, 1958: May, 
436-7 
deformities, orthopedic 
1958: May, 438-9 
diagnosis, and management, /958: May, 
417-41 
due to renal tubular acidosis, 1958: May, 
438 
due to tubular insufficiency, 1958: May, 
427-8 
nomenclature, 1/958: May, 420-21 
renal, 7958: May, 426 
vitamin D deficiency, 1958: May, 425 
vitamin D-refractory, hypophosphatemic, 
1958: May, 428-34 
with aminoaciduria, 
434-5 
with aminoacidura and 
1958: May, 436 
with hyperglycinuria, 1958: May, 
437 


Encephalocele, 


management, 


1958: May, 


acidosis, 
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Rickettsial and viral diseases of skin and 
mucous membranes, 1956: Aug., 521-54 
Rickettsial diseases, diagnosis, 1956: May, 


of skin and mucous membranes, 1956: 
Aug., 548-51 
treatment, 1956: May, 361 
Rickettsialpox, 1956: Aug., 549-50 
Rigidity in cerebral palsy, 1957: Nov., 1008 
Rimifon. See Isoniazid. 
Ring, esophageal. See under Esophagus. 
Ringer’s solution, in alkalosis, 1956: Feb., 
bo 
in dehydration, 1956: Feb., 57 
in diabetes mellitus, 1957: Nov., 806 
in diarrhea, 1956: Feb., 146, 147 
in meningitis, 1956: May, 385 
in Waterhouse-Friderichsen syndrome, 
1956: May, 392 
postoperative, in 
1957: Feb., 179 
Ringworm. See also Tinea. 
black dot, 1956: Aug., 563 
vs. pityriasis rosea, 1956: Aug., 808 
Ritter’s disease. See Dermatitis exfoliativa. 
Rocky Mountain spotted fever, 1956: Aug., 
548-9 
Roentgen diagnosis of pulmonary disease 
of newborn, 1957: Feb., 27-52 
Roentgenograms, for warts, 1956: Aug., 
in acne vulgaris, 1956: Aug., 730, 737 
in cerebral palsy, 1957: Nov., 1010 
in recurrent parotitis, 1956: Nov., 940 
of colon, 1956: Feb., 27-52 
Roentgenography. See Roentgenograms. 
Roentgen rays, fluoroscopy, apparatus for 
cardiac catheterization, 1958: Nov., 
913-14 
responsibilities of medical profession 
in use of, 1957: Aug., 763-7 
Roseola, encephalitis complicating, 
Nov., 1022 
Rubella, immunization, passive, 1957: Aug., 
628 
maternal, deafness due to, 1957: Aug., 
684 
ocular defects due to, 1957: Aug., 673 
Rubeola. See Measles. 

Rumination, psychophysiology of, 
Nov., 1068. See also Vomiting. 
Run-about child, personality development 

in, 1957: Aug., 737 


infectious croup, 


1957: 


1956: 


SAcCRAL vein, 1956: Feb., 9 
Salicylate intoxication vs. infectious croup, 
1957: Feb., 176 

Salicylic acid, in cradle cap, 1956: Aug., 

747 
in papillary hypertrophy of tongue, 

1956: Nov., 929 

Saline solution, for endoscopy, 1956: Feb., 


in anemia of hemorrhage, 1957: May, 
375 
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Saline solution, in dehydration, 1956: Feb., 
57 
in hypernatremia, 1957: Nov., 1028 
in nasopharyngeal infections, 1957: 
Feb., 158 
Salivary chlorides in malabsorption syn- 
drome, 1958: May, 363 
Salivary gland, calculi, 1956: Nov., 941 
infection, 1956: Nov., 933-42 
in newborn, 1956: Nov., 852 
swelling, 1956: Nov., 941 
Salmonella, infections, 1956: May, 409 
types, in gastroenteritis, 1956: Feb., 143 

Salpingitis, 1958: Feb., 102 

Salute, allergic, 1957: Feb., 286 

San Joaquin fever; San Joaquin Valley dis- 

ease. See Coccidioidomycosis. 

Sarcoidosis, Boeck’s, uveitis due to, 1958: 

Feb., 180, 183 
Sarcoma, fibrosarcoma of mouth, 1956: 
Nov., 892 
lymphosarcoma, of mouth, 1956: Nov., 
892 
vs. acute leukemia, 1957: May, 506 
osteogenic, of jaw. 1956: Nov., 900 
reticulum cell, of jaw, 1956: Nov., 901 

Sarcoma botryoides, 1958: Feb., 108 

Scabies, 1956: Aug., 629-30 

Scalp, infections, Microsporum audouini, 
1956: Aug., 560 

ringworm. See Tinea capitis. 

Scarlet fever, diagnosis, 1956: Nov., 881 
oral manifestations, 1956: Nov., 880 
rash of, 1957: Feb., 142 
treatment, 1956: Nov., 881 

Schamberg’s lotion in contact dermatitis, 

1956: Aug., 661 

Schistosomiasis, Manson’s, 1956: Feb., 186- 

8 
other forms, 1956: Feb., 188 
Schizophrenia, 1958: May, 493-512, Auzg., 
699-709 
atypical, 1958: May, 498 
borderline, 1958: May, 498-9 
environmental factors, 1958: Aug., 705 
genetic factors, 1958: Aug., 704-5 
relation to early infantile autism, 1958: 
Aug., 721 
preschizophrenic, 1958: Aug., 701-4 
vs. early infantile autism, 1958: Aug., 
728 
vs. mental retardation, 1958: Aug., 669, 


School, activities, in diabetes mellitus, 1957: 
Nov., 814 
age, health supervision during, 
Aug., 662 
personality development in, 
Aug., 741 
failure in, in adolescents, 1958: Aug., 
785-6 
in brain-damaged children with be- 
havior problems, 1957: Nov., 1053 
phobia, 1958: Aug., 645-66 
family environment and, 1958: Aug., 
654-8 


1957: 


1957: 
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Schiiller-Christian syndrome, 1956: Aug 
814 
Schwannoma. See under Tumors, neuri 
noma. 
Scleroderma, cutaneous 
1956: Aug., 820 
Sclerosis, endocardial. 
cardium. 
tuberous, cutaneous manifestations, 1956 
Aug., 817 
Scoliosis. See under Spine, curvature. 
Scopolamine, preanesthetic use, 1956: Feb 
59 
Screen test for strabismus, 1957: Aug., 66° 
Seborrhea, 1956: Aug., 745-50 
vs. atopic dermatitis, 1956: Aug., 609 
610, 611, 612 
vs. diaper dermatitis, 1956: Aug., 764 
vs. pityriasis rosea, 1956: Aug., 808 
Seborrhea capitis, 1956: Aug., 734-6 
and acne vulgaris, 1956: Aug., 719- 
40 


manifestations 


See under Endo 


Seborrhea oleosa, 1956: Aug., 734 
Seborrhea sicca, 1956: Aug., 734 
Seborrhea squamosa neonatorum, 
Aug., 690 
Secobarbital, in eye injuries, 1958: Feb., 
204 
preanesthetic use, 1956: Feb., 59 
Seconal. See Secobarbital. 
Sedation, maternal, during labor, in eti- 
ology of epilepsy, 1957: Nov., 1067 
Sedatives, in atopic dermatitis, 1956: Aug., 
621 


1956: 


in nasopharyngeal infections, 1957: Feb.., 
157 


in ulcerative colitis, 1956: Feb., 157 
Sediment, urinary, tests for, 1958: May, 365 
Seizures. See Convulsions; Epilepsy. 
Selenium compounds, Selsun, in seborrhea 

capitis, 1956: Aug., 735 
Self-concern in adolescents, 1958: Aug., 776 
Self-feeding of infants, 1956: Nov., 1061 
Selsun. See under Selenium compounds. 
Seminiferous tubules, dysgenesis, 1957: 

Nov., 841; 1958: Feb., 130 
chromosomal sex tests in, 7958: May, 
388-90 
treatment, 1958: May, 393 
Sensory defects, muscular defects 

1957: Aug., 702 
Separation anxiety, 1958: Aug., 648 
Sepsis, anemia due to, 1957: May, 380 

bacterial, jaundice due to, 1957: May, 

401 
Septicemia. See Bacteremia. 
Serologic findings in ABO hemolytic dis- 

ease, 1957: May, 419 
Serotypes, 1957: May, 330 
Serpasil. See Rauwolfia serpentina. 

Serum. See also under Blood. 
hormonal iodine level, 1957: Nov., 867 
prothrombin conversion accelerator, 
1957: May, 532 
prothrombin conversion factor, 
May, 343 


and, 


1957: 
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Sex, anomalies, chromosomal sex tests in, 
1958: May, 380-90 
classification, 1958: Feb., 120 
congenital, 1958: Feb., 121-33 
diagnosis and management, 1958: May, 
375-96 
treatment, 1958: May, 390-93 
chromatin, relation to sex chromosomes, 
1958: May, 377-80 
chromosomal, 1957: Nov., 920 
buccal smear for, 1957: Nov., 971 
tests of, 1958: May, 368-9, 375-7 
in sex anomalies, 1958: May, 380-90 
chromosomes, relation to sex chromatin, 
1958: May, 377-80 
determination, from nuclear morphology, 
1957: Nov., 833 
development, abnormal, 1958: Feb., 119- 
37 
heterosexual, postnatal, 1958: Feb., 
133-6 
in brain-damaged child, parental reac- 
tion to, 1957: Nov., 1039 
erythema multiforme and, 1956: Aug., 
781 
infantilism. See Genitals, infantilism. 
intersexuality. See Hermaphroditism. 
maturation, normal, 1957: Nov., 828 
orientation in intersexuality, 1957: Nov., 
922 
precocity, isosexual, 1957: Nov., 873-87. 
See also under Puberty. 
psychosomatic factors, 1958: Feb., 111- 
15 
steroids, effect on growth, 1957: Nov., 
927 
Sex-linked inheritance, 1957: May, 329 
Shigella infections, 1956: May, 409 
Shock, as reaction to diagnosis of central 
nervous system defect or damage, 1957: 
Nov., 1037 
maternal, in etiology of epilepsy, 1957: 
Nov., 1068 
therapeutic, in schizophrenia, 1958: May, 
508 
Sickle cell anemia, genetics, 1957: May, 
335 
Sickle cell disease, anemia due to, 1957: 
May, 348 
diagnosis, 1957: May, 354 
Sickle cell trait, genetics, 1957: May, 
335 
Sigmoidoscope, 1956: Feb., 18 
Silver protein in vulvovaginitis, nonspecific, 
1958: Feb., 44 
Sinuses, nasal, abnormalities, 1957: Feb., 
76-7 
Sinusitis, 1957: Feb., 287 
Sinus venosus defect, 1958: Nov., 991, 992, 
995 
Skeleton. See Bones. 
Skin, abnormalities, congenital, common, 
1956: Aug., 665-99 
uncommon, 1956: Aug., 701-17 
pigment, 1956: Aug., 693 
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Skin, and mucous membranes, exanthema- 
tous diseases, 1956: Aug., 546-7 
rickettsial diseases, 1956: Aug., 548- 
51 
viral diseases, 1956: Aug., 522-46 
atrophies, 1956: Aug., 691 
biopsy, as test of chromosomal sex, 1958: 
May, 377 
for chromosomal sex analysis, 1957: 
Nov., 920 
care of, in erythema multiforme, 1956: 
Aug., 778 
clues in systemic diseases, 1956: Aug., 
811-24 
configurations, calculation of index, 1958: 
May, 539-41 
digital patterns, 1958: May, 532-5 
embryologic development, 1958: May, 
532 


formulation, 1958: May, 532 

in diagnosis of mongolism, 1958: May, 
531-43 

palmar, 1958: May, 535-7 

plantar, 1958: May, 537-9 

practical applications, 1958: May, 541- 
2 


printing, 1958: May, 532 
disease, fish. See Ichthyosis. 
growths, new, 1956: Aug., 694 
hypertrophies, 1956: Aug., 688 
in erythema multiforme, 1956: Aug., 773 
infections, bacterial, alterations leading 
to, 1956: Aug., 503 
classification, 1956: Aug., 505 
common, 1956: Aug., 499-519 
factors in, 1956: Aug., 502 
local, 1956: Aug., 503 
systemic, 1956: Aug., 504 
secondary, 1956: Aug., 510 
treatment, 1956: Aug., 517 
treatment, local, specific, 1956: Aug.., 
14 


principles, 1956: Aug., 512 
fungus, 1956: Aug., 555-95 
susceptibility factors, 1956: Aug., 587 
parasitic, 1956: Aug., 625-37 
viral and rickettsial, 1956: Aug., 521- 
54 


inflammations, 1956: Aug., 692 
lesions, biopsy, 1956: Aug., 823 
of infants and children, 1956: Aug., 500 
care of, 1956: Aug., 501 
of newborn, care of, 1958: May, 296 
planing. See Planing, therapeutic. 
protective mechanisms vs. bacterial infec- 
tion, 1956: Aug., 502 
reactions to chloramphenicol, 1956: May, 
tests, in bronchopulmonary disease, 1957: 
Feb., 233 
in respiratory allergy, 1957: Feb., 286 
resistance test, psychogalvanic, 1957: 
Aug., 690 
tuberculin, 1956: May, 430 
Skull. See Cranium. 
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Sleep, disorders, 1958: Aug., 629-43 
narcolepsy, 1958: Aug., 642 
nature of, 1958: Aug., 629-31 
patterns, normal, development of, 1958: 
Aug., 631-2 
restless, types of, 1958: Aug., 639-40 
significance, 1958: Aug., 629-31 
Sleepiness, excessive, 1958: Aug., 641-2 
Sleep tic, 1958: Aug., 639 
Sleep walking, 1958: Aug., 641 
Smallpox, 1956: Aug., 541-6 
vaccination, 1957: Aug., 621 
accidental, 1956: Aug., 545 
active, 1957: Aug., 621 
complications, cutaneous, 1956: Aug., 


encephalitis following, 1957: Nov., 
1023 
progressive, 1956: Aug., 545 
vaccinia, 1956: Aug., 541-6 
erythema multiforme due to, 1956: 
Aug., 780 
vaccinia gangrenosa. See Smallpox, 
vaccination, progressive. 
Snack habits and dental caries, 1956: Nov., 
958 
Snellen charts in vision testing, 1958: Feb., 
233ff. 
Soap and water dermatitis, 1956: Aug., 755 
Soaps, substitutes in atopic dermatitis, 
1956: Aug., 616 
Social and emotional handicaps, 1957: Aug., 
31-44 
special education of children with, 
1957: Aug., 754 
Social factors prediction in juvenile delin- 
quency, 1958: Aug., 764 
Social isolation of brain-damaged child, 
effect on parents, 1957: Nov., 1039 
Social work, evaluation, in mental retarda- 
tion, 1958: Aug., 671-2 
in mental retardation, 1/958: Aug., 680 
Society, involvement in adoptions, /]958: 
May, 527-8 
Sodium, effect on aldosterone secretion and 
excretion, 1958: May, 401, 402, 403 
loss or restriction, 1958: May, 408 
restriction, in heart failure, 1958: Nov., 
1136 
retention, and edema, diseases compli- 
cated by, 1958: May, 406-408 
Sodium biborate in oral thrush, 1956: Nov., 
852 
Sodium bicarbonate, in chemical burns of 
eyes, 1958: Feb., 223 
in diabetes mellitus, 1957: Nov., 806 
in mycotic infections of vagina, 1958: 
Feb., 46 
in renal complications of sulfonamide 
therapy, 1956: May, 242 
Sodium biphosphate for colon catharsis, 
1956: Feb., 20 
Sodium caprylate in papillary hypertrophy 
of tongue, 1956: Nov., 929 
Sodium chloride in heart failure, 1958: 
Nov., 1135 


Sodium diphenylhydantoinate in epilepsy, 
1957: Nov., 1081, 1082, 1084 
Sodium iodide in status asthmaticus, /957: 
Feb., 300 
Sodium lactate in acidosis, 1956: Feb., 57 
Sodium phenobarbital. See Phenobarbital 
sodium. 
Sodium phosphate for colon cathars's, 
1956: Feb., 20 
Sodium sulfadiazine. See Sulfadiazine, 
under Sulfonamides. 
Sodium thiosulfate in tinea versicolor, 1956: 
Aug., 572 
Somatotropin, 1957: Nov., 962 
effect on aldosterone secretion and ex- 
cretion, 1958: May, 401 
regulation of growth, 1957: Nov., 926, 
927, 930, 932 
Somnambulism. See Sleep walking. 
Somniloquy, 1958: Aug., 639 
Sounds. See under Heart. 
Space maintenance of teeth, /957: Aug., 
713 
Sparine. See Promazine. 
Spasmus nutans, 1/958: Feb., 195 
Spasticity. See Paralysis, spastic. 
Speech, defects, 1956: Nov., 1064 
of cleft palate, 1956: Nov., 1017 
special education of children with. 
1957: Aug., 748, 749 
stammering, 1956: Nov., 1065 
vs. schizophrenia, 1958: May, 505 
development, delayed, 1956: Nov., 1065 
hearing and, 1957: Aug., 681 
in infants, 1956: Nov., 1052 
emotional development and, 1956: Nov.. 
1058 
evaluation, in mental retardation, /958: 
Aug., 672-3 
in cleft palate, 1956: Nov., 1005 
prosthesis, in cleft palate, 1956: Nov., 
1016, 1017, 1021, 1022 
therapy, in mental retardation, /958: 
Aug., 680-81 
tongue in, 1956: Nov., 921 
training, in cleft palate, 1956: Nov., 1018, 
1046 
Speech reading, 1957: Aug., 694 
Speech reception test, 1957: Aug., 690 
Spherocytosis, congenital or hereditary. See 
Anemia, hemolytic, familial, congen- 
ital. 
in ABO hemolytic disease, 1957: May, 
418 
Sphincters of rectum, 1/956: Feb., 12 
Spider bites, 1956: Aug., 631 
Spider nevus. See Nevus araneus. 
Spina bifida aperta, genetic counselling in, 
1958: May, 476-7 
Spine. See also Back; Ribs. 
anomalies, and alimentary duplications, 
1958: May, 457-74 
embryogenesis, 1958: May, 468 
72 


curvature, scoliosis, congenital, /957: 
Aug., 654 
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Spiramycin, 1956: May, 314 
Spleen, in auto-immune hemolytic disease, 
1957: May, 436 
in infectious mononucleosis, 1957: Feb., 
128 
Splenectomy in auto-immune hemolytic dis- 
ease, 1957: May, 438 
Sporotrichosis, 1956: Aug., 579 
Squint. See Strabismus. 
Stable factor. See Serum prothrombin con- 
version accelerator. 
Stammering. See under Speech, defects. 
Staphylococcus, in respiratory tract of new- 
born, 1957: Feb., 70, 71 
infections due to, gastrointestinal, 1956: 
May, 412 
penicillin-resistant, 1956: May, 268 
pneumonia due to, in newborn, roentgen 
diagnosis, 1957: Feb., 37 
resistance to antibiotics, 1956: May, 346 
Stature. See under Body. 
Status asthmaticus. See under Asthma. 
Steclin. See Tetracycline(s). 
Stensen’s duct, in recurrent parotitis, 1956: 
Nov., 938 
lacerations, 1956: Nov., 911 
Sterilization, sexual, 1957: Nov., 841 
Steroids. See also specific steroids. 
in tuberculosis, 1957: Feb., 267 
in urine. See Urine, 17-ketosteroids. 
measurement of, diagnostic methods, 
1957: Nov., 963 
sex, effect on growth, 1957: Nov., 927 
with Amethopterin, in acute leukemia, 
1957: May, 519 
Stibophen in Manson’s 
1956: Feb., 188 
Stilbestrol. See also Diethylstilbestrol. 
in dysmenorrhea, 1958: Feb., 60 
in hermaphroditism, 1958: May, 391 
in pseudohermaphroditism, 1958: May, 
391 
Stillbirths, prevention by early delivery, 
1957: May, 387 
Stimulants, in behavior disorders, 
Aug., 586-8 
toxicity, 1958: Aug., 590 
Stomach, cardiospasm, vs. congenital esoph- 
ageal stenosis, 1958: May, 453 
lavage, in hydrocarbon pneumonitis, 
1957: Feb., 252 
in tuberculosis, 1956: May, 431 
Stomatitis, and diarrhea, of infants, 1956: 
Nov., 878-9 
aphthous. See Gingivostomatitis, 
petic, acute. 
herpetic. See Gingivostomatitis, herpetic, 
acute. 
ulcerative. See Gingivostomatitis, 
petic, acute. 
vs. erythema multiforme, 1/956: Aug., 777 
Stools. See Feces. 
Strabismus, 1957: Aug., 656, 668; 1958: 
Feb.. 153, 154 
causes, 1958: Feb., 155 
comitant, 1958: Feb., 163-8 


schistosomiasis, 


1958: 


her- 


her- 
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Strabismus, convergent, accommodative, 
1958: Feb., 164-6 
combined, 1958: Feb., 166-7 
nonaccommodative, acquired, 1958 
Feb., 164 


congenital, 1958: Feb., 163-4 
divergent, 1958: Feb., 167-8 
explanation, to parents, 1958: Feb., 154- 

6 


to physicians, 1958: Feb., 156-61 

incidence, 1958: Feb., 154 

incomitant, 1958: Feb., 163 

latent, 1958: Feb., 162-3 

management, 1958: Feb., 153-68 

manifest, 1958: Feb., 163-8 

paralytic, 1958: Feb., 231 

pseudostrabismus, 1/958: Feb., 161-2 

treatment, 1958: Feb., 156, 158-61, 161-8 

types, 1958: Feb., 154, 161-8 
Strawberry mark, 1956: Aug., 672 
Strawberry tongue, in scarlet fever, 1956: 


Nov., 929 
in streptococcal infection, 1957: Feb., 
142 
Strephosymbolia. See Reading, mirror. 
Streptococcus, infection by, 1957: Feb., 
141-7 


danger of, 1956: May, 402 
diagnosis, 1956: May, 400 
frequency, 1956: May, 400 
importance in rheumatic fever, 1956: 
May, 399 
relation to erythema nodosum, 1956: 
Aug., 783 
treatment, 1956: May, 401 
Streptomycin, absorption, 1956: May, 281 
action, mode of, 1956: May, 281 
activity in vitro, 1956: May, 287 
administration, 1956: May, 283 
routes of, 1956: May, 452, 455 
and dihydrostreptomycin, applied phar- 
macology, 1956: May, 279-94 
bacterial dependence on, 1956: May, 289 
bacterial resistance to, 1956: May, 288 
blood levels, 1956: May, 284 
chemistry, 1956: May, 280 
complications of therapy, 1956: May, 285 
distribution, 1956: May, 282 
dosage, 1956: May, 283, 452 
excretion, 1956: May, 282 
hypersensitivity reactions, 1956: May, 
285 
in bronchopulmonary disease, 1957: Feb., 
237, 238 
in eye injuries, perforating, 1958: Feb., 
218 
in infectious croup, 1957: Feb., 178 
in meningitis, 1956: May, 386, 387, 388 
in meningitis, purulent, 1957: Nov., 1016 
in meningitis, tuberculous, 1956: May, 
435; 1957: Nov., 1019 
in nasopharyngeal infections, 1957: Feb., 
163 
in pneumonia, 1956: May, 363 
in pulmonary infections, 1956: May, 364, 
365 
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Streptomycin, in staphylococcal pneumonia 

and empyema, 1957: Feb., 225 

in subacute bacterial endocarditis, 1956: 
May, 405 

in tuberculosis, 1956: May, 290, 365, 428, 
429, 434; 1957: Feb., 266, Nov., 1018 

in urogenital tract infections, 1956: May, 
373 

indications, 1956: May, 289 

intrathecal irritation, 1956: May, 286 

mechanism of action, 1956: May, 224 

potentiation by combination therapy, 
1956: May, 291 

urinary levels, 1956: May, 284 

vestibular-auditory disturbances due to, 
1956: May, 286 

Streptonivicin. See Novobiocin. 

Stress, allergy and, 1958: Aug., 732-3 
eating problems due to, 1958: Aug., 600 
emotional, and physical symptoms, 1956: 

Feb., 197 

Stretch reflex in cerebral palsy, 1957: Nov., 
1009 

Stridor, laryngeal. See Larynx, stridor. 

Strongyloidiasis, 1956: Feb., 184-6 

Sturge-Weber syndrome. See Tumors, angi- 
oma. 

Suavitil. See Benactyzine. 

Subarachnoid. Ses under Meninges. 

Subconjunctival. See under Conjunctiva. 

Subdural. See under Meninges. 

Subependymal hemorrhage in newborn, 
1957: Feb., 56 

Submaxillary duct, laceration, 1956: Nov., 
912 

Succinylcholine in proctologic anesthesia, 
1956: Feb., 62 

Succinylsulfathiazole. See under Sulfona- 
mides. 

Sucking activities, psychological 
to feeding, 1956: Nov., 1056 
Sucking callus in newborn, 1956: Nov., 847 
Sucking patterns, disturbances in, 1956: 

Nov., 1063 

Sucking reflex in brain-damaged children, 
1958: Aug., 690 

Suction in nasal obstruction, 1957: Feb., 
159 

Sudamina. See Méiliaria crystallina. 

Suffocation, mechanical, as cause of death, 
1957: Aug., 638 

Sugar, control, in dental caries control, 

1956: Nov., 957 
in blood. See under Blood. 
in urine. See under Urine. 
intake, excessive, effects of, 1956: Nov., 


relation 


Sulamyd. See Sulfacetamide. 

Sulcus terminalis of tongue, 1956: Nov., 
920 

Sulfacetamide in corneal abrasion, 
Feb., 210 

Sulfadiazine. See under Sulfonamides. 

Sulfamerazine. See under Sulfonamides. 

Sulfamethazine. See under Sulfonamides. 

Sulfanilamide. See under Sulfonamides. 


1958: 


INDEX TO VOLUMES 3, 4 AND 5 (1956, 1957 AND 1958) 


Sulfapyrimidines. See Sulfadiazine, Sulfa 
merazine, Sulfamethazine, under Sulfona 
mides. 

Sulfasuxidine. See Succinylsulfathiazole 
under Sulfonamides. 

Sulfathalidine. See Phthalylsulfathiazok 
under Sulfonamides. 

Sulfisoxazole. See under Sulfonamides. 

Sulfonamides, absorption, 1956: May, 23§ 
administration, 1956: May, 244 

routes of 1956: May, 454, 455 
applied pharmacology, 1956: May, 235 
46 
chemistry, 1956: May, 237 
contraindications, 1956: May, 246 
distribution, 1956: May, 238 
dosage, 1956: May, 244, 454 
excretion, 1956: May, 238 
in bronchopulmonary disease, 1957: Feb., 
237, 238 
in gonorrheal vulvovaginitis, 1958: Feb., 


in mastoiditis, 1956: May, 273 

in meningitis, 1956: May, 388 

in nasopharyngeal infections, 1957: Feb 
165 


in otitis media, 1956: May, 273 

in rheumatic fever prophylaxis, 
May, 402 

in streptococcal 
146 

in urogenital tract infections, 1956: May, 


1956 


infection, 1957: Feb., 


< 


indications, 1956: May, 245 

mixtures, 1956: May, 240 
dosage, 1956: May, 245 

pharmacodynamic action, 
237 

phthalylsulfathiazole, dosage, 1956: May, 
245 


1956: May, 


reactions, toxic, mild, 1956: May, 240 
severe, 1956: May, 241 
succinylsulfathiazole, dosage, 1956: May, 
245 
sulfadiazine, administration, 1956: May, 


routes of, 1956: May, 454 

dosage, 1956: May, 245, 454 

in encephalitis, 1957: Nov., 1023 

in meningitis, 1956: May, 245, 274, 
385, 387, 389 

in meningitis, purulent, 1957: Nov., 
1016 

in meningococcemia, 1956: May, 274 

in| meningococcemia, fulminating, 
1956: May, 275, 393 

in pulmonary infections, 1956: May, 
364 

in rheumatic fever, prophylaxis, 1956: 
May, 402 

in streptococcal infection, prophylac- 
tic, 1957: Feb., 150 

sulfamerazine, administration, 1956: May, 
244 

routes of, 1956: May, 454 

dosage, 1956: May, 245, 454 





INDEX TO VOLUMES 3, 4 AND 5 (1956, 1957 AND 1958) 


Sulfonamides, sulfamethazine, administra- 
tion, 1956: May, 244 
dosage, 1956: May, 245 
sulfanilamide, administration, 1956: May, 
244 
dosage, 1956: May, 245 
sulfisoxazole, administration, routes of, 
1956: May, 454 
dosage, 1956: May, 454 
in corneal abrasion, 1958: Feb., 210 
in croup, 1957: Feb., 178, 179 
in urogenital tract infections, 1956: 
May, 372 
plus penicillin, jaundice due to, 1957: 
May, 401 
toxicology, 1956: May, 240 
use, 1956: May, 451 
Sulfonated bitumen, in contact dermatitis, 
1956: Aug., 661 
in eczematous dermatitis, 1956: Aug., 
756 
Sulfonylureas, carbutamide, 
mellitus, 1957: Nov., 809 
tolbutamide, in diabetes mellitus, 1957: 
Nov., 809, 810 
Sulfur, in tinea capitis, 1956: Aug., 565 
in tinea circinata, 1956: Aug., 569 
in tinea pedis, prophylactic, 1956: Aug., 
570 
Summer eruption, recurrent. See Hydroa 
vacciniforme. 
Surgery, cardiac, 
Nov., 1102-4 
for warts, 1956: Aug., 525 
general, hypothermia in, 
1101-2 
in heart disease in newborn, 1958: Nov., 
1095 
in muscular defects, 1957: Aug., 707 
in strabismus, 1958: Feb., 159 
Sus-Phrine in bronchial asthma, 1957: Feb., 
299 
Suvren. See Captodiamine. 
Swallowing. See Deglutition. 
Sweat chlorides in malabsorption syndrome, 
1958: May, 362-3 
Sweat glands, abnormalities, 
thermogenic, 1956: Aug., 795 
Sweat retention syndrome, 1956: Aug., 791- 
9. See also Miliaria. 
Sweat test in fibrocystic disease of pan- 
creas, 1957: Feb., 235 
Swimmer’s itch. See Dermatitis, cercarial. 
Sympathicogonioma, 1958: Feb., 105, 
106 


in diabetes 


hypothermia in, 1958: 


1958: Nov., 


anhidrosis, 


Symptoms, gynecologic, examination for, 
1958: Feb., 28-33 
physical, and emotional stress, 1956: Feb., 
197 
Syphilis, anemia due to, 1957: May, 380 
congenital, uveitis due to, 1958: Feb., 
181, 182-3 
cutaneous manifestations, 
822 
vs. diaper dermatitis, 1956: Aug., 765 
vs. pityriasis rosea, 1956: Aug., 808 


1956: Aug., 
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Systemic disease, rectal bleeding due to, 
1956: Feb., 212 

Systemic reaction in erythema multiforme, 
1956: Aug., 774 


TALKING. See also Speech. 
in sleep, 1958: Aug., 639 
Tannic acid in barium study of colon, 1956: 
Feb., 30, 31 
Tar in atopic dermatitis, 1956: Aug., 619 
Tartar emetic in Manson’s schistosomiasis, 
1956: Feb., 188 
Taste, tongue in, 1956: Nov., 921 
Taussig-Bing complex, 1958: Nov., 1110 
Tay-Sachs disease. See Idiocy, amaurotic. 
Teaching, reading disabilities due to, 1958: 
May, 516 
Teen-age obstetrics, 1958: Feb., 139-49 
Teeth, abnormalities, developmental, 1956: 
Nov., 865 
anterior, crowded, 1957: Aug., 713 
artificial, 1957: Aug., 728 
avulsion, partial, 1956: Nov., 988 
replantation of, technique, 1956: Nov., 
990 
total, 1956: Nov., 990 
brown, 1956: Nov., 866 
brushing, 1956: Nov., 949 
bud, infection of, in newborn, 1956: Nov., 
852 
calculus, 1956: Nov., 947 
care, early, 1956: Nov., 963 
prosthetic, in cleft palate, 1956: Nov., 
1021 
caries, 1956: Nov., 947, 954-63; 1957: 
Aug., 720 
calcium and, 1956: Nov., 959 
control, in pediatric practice, 1956: 
Nov., 953-65 
via sugar control, 1956: Nov., 957 
dietary factors in, 1956: Nov., 955 
fluorides and, 1956: Nov., 959 
in dentifrices, 1956: Nov., 962 
in foods, 1956: Nov., 960 
in water, 1956: Nov., 959 
tablets, 1956: Nov., 961 
topical applications, 1956: Nov., 961 
genetic factors in, 1956: Nov., 955 
immunity to, 1956: Nov., 955 
oral hygiene and, 1956: Nov., 956 
pattern of attack, 1956: Nov., 956 
psychophysiology of, 1956: Nov., 1067 
snack habits and, 1956: Nov., 958 
susceptibility to, 1956: Nov., 956 
vitamin D and, 1956: Nov., 959 
color, 1956: Nov., 947 
crown forms, 1956: Nov., 992 
jacket, 1956: Nov., 993 
Permadent, 1956: Nov., 993 
deciduous, eruption of, 1957: Aug., 710 
injuries, traumatic, 1957: Aug., 726 
loss of, premature, 1957: Aug., 712 
retention of, prolonged, 1957: Aug., 
711 
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Teeth, dentin, fractures, 1956: Nov., 980, 984 
opalescent, hereditary, 1956: Nov., 867 
diastemas, 1957: Aug., 715 
displacement, in jaw, 1956: Nov., 988 
replantation of, technique, 1956: Nov., 
990 
total, 1956: Nov., 990 
enamel, fractures, 1956: Nov., 980 
hypocalcification, 1956: Nov., 866 
hypoplasia, 1956: Nov., 865 
eruption, 1956: Nov., 945 
delayed, 1956: Nov., 862 
difficult, 1956: Nov., 861 
natal teeth, 1956: Nov., 861 
precocious, 1956: Nov., 944 
problems related to, 1956: Nov., 860 
examination, 1956: Nov., 943, 953 
in mental retardation, 1958: Aug., 673 
of infants, 1956: Nov., 944 
of newborn, 1956: Nov., 944 
order of, 1956: Nov., 954 
pediatrician’s responsibility in, 1/956: 
Nov., 943-51 
fractures, 1956: Nov., 983 
of root, 1956: Nov., 986 
root canal therapy, 1956: Nov., 986 
grinding of, 1956: Nov., 1067 
incisor, fractured, 1956: Nov., 979-94 
comminuted, 1956: Nov., 987 
infections, 1957: Aug., 724 
injuries, prevention of, 1956: Nov., 994 
traumatic, 1957: Aug., 726 
investment tissues, lesions and infections, 
1956: Nov., 948 
loss of, multiple, early, 1957: Aug., 727 
malocclusion, etiology, 1956: Nov., 971 
in newborn, 1956: Nov., 848 
types of, and normal occlusion, 1956: 
Nov., 967 
mesiodens, 1956: Nov., 864 
missing, 1956: Nov., 864; 1957: Aug., 714 
molar, primary, anklosis of, 1956: Nov., 
862 


morphology, 1956: Nov., 945 
mottling, 1956: Nov., 947 
occlusion, development of, and somatic 
and craniofacial growth, 1956: Nov., 
969 
normal, and types of malocclusion, 
1956: Nov., 967 
opalescent, 1956: Nov., 946 
permanent, eruption of, 1/957: Aug., 713 
impaction of, 1956: Nov., 863 
injuries, 1956: Nov., 982; 1957: Aug., 
727 


pitting of, 1956: Nov., 946 

plastic corners, 1956: Nov., 992 

plastic crown, 1956: Nov., 992 

primary, injuries to, 1956: Nov., 979 
retention of, 1956: Nov., 862 

pulp, fractures, 1956: Nov., 981, 984 
infections, 1957: Aug., 725 

restorations, 1956: Nov., 992 

space maintenance, 1957: Aug., 713 

splints, 1956: Nov., 992 

staining, 195€- Nov., 947 
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Teeth, supernumerary, 1956: Nov., 863 
1957: Aug., 714 
in newborn, 1956: Nov., 848 
treatment, orthodontic, 1956: Nov., 975 
and growth potential, 1956: Noy. 
976 
cleft palate and, 1956: Nov., 1020 
1045 


objectives, 1956: Nov., 975 
timing, 1956: Nov., 975 
tumors, odontoma, 1956: Nov., 900 
versions, 1957: Aug., 715 
Teething, effect on food intake, 1956: Nov 
1061 
Telangiectases, 1956: Aug., 670 
Telangiectasia macularis eruptiva perstans 
1956: Aug., 711 
Temperature, environmental, effect on in 
cidence of common cold, 1/957: Feb 
106, 107 
Temper tantrums, 1958: Aug., 568-9 
Tension. See also Stress. 
premenstrual, in adolescence, 1958: Feb., 
60-61 
Teratology, experimental, 1957: Nov., 983- 
94 


Teratomas, 1957: Feb., 83 
Terramycin. See Oxytetracycline. 
Terrors, night, 1/958: Aug., 640 
Testes, biopsy, in genital infantilism, 1957: 
Nov., 835 
deficiency, 
Nov., 842 
disease of, sexual precocity due to, 1957: 
Nov., 881 
dysgenesis, 1957: Nov., 842 
feminization, 1957: Nov., 911-14 
inflammation, due to mumps, 1956: Nov., 
935 
involvement in mumps, 1956: Nov., 935 
undescended, 1957: Nov., 843 
pseudocryptorchidism, 1957: Nov., 843 
Testicle. See Testes. 
Testosterone. See under Androgens. 
Tetanus, immunization, active, 1957: Aug., 
620 
passive, 1957: Aug., 628 
Tetracaine, as mouth wash, in erythema 
multiforme, 1956: Aug., 778 
for ocular foreign bodies, 1958: Feb., 212 
in examination of eye injuries, 1958: 
Feb., 204 
in proctologic anesthesia, 1956: Feb., 63 
Tetracycline(s). See also Chlortetracycline; 
Oxytetracycline. 
absorption, 1956: May, 297 
administration, 1956: May, 297 
routes of, 1956: May, 452, 453, 454 
applied pharmacology, 1956: May, 295- 
303 
chemical differentiation, 1956: May, 297 
dosage, 1956: May, 297, 452, 453 
excretion, 1956: May, 297 
in acne vulgaris, 1956: Aug., 732 
in bronchopulmonary disease, 1957: Feb., 
237, 238 


familial, congenital, 
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Tetracycline, in cystic fibrosis of pancreas, 
1956: May, 302 
in erythema multiforme, 1956: Aug., 778 
in fulminating meningococcemia, 1956: 
May, 275 
in meningeal infections, 1956: May, 299 
in meningitis, 1956: May, 386, 387, 388, 


in nasopharyngeal infections, 1957: Feb., 
164 


in ornithosis, 1956: May, 361, 362 
in pneumonia, 1956: May, 363 
primary, atypical, 1956: May, 362 
in pulmonary infections, 1956: May, 364, 
365 
in rickettsial diseases, 1956: May, 361 
in rickettsialpox, 1956: Aug., 550 
in Rocky Mountain spotted fever, 1956: 
Aug., 549 
in staphylococcal pneumonia and empy- 
ema, 1957: Feb., 225 
in urogenital tract infections, 1956: May, 
373 
mechanism of action, 1956: May, 228 
preoperative use, 1956: May, 339 
solubility, 1956: May, 296 
stability, 1956: May, 296 
toxicity, 1956: May, 300 
Tetracyn. See Tetracycline(s). 
Tetralogy, Fallot’s. See under Heart, ab- 
normalities. 
Thalassemia, anemia due to, 1957: May, 
348 
diagnosis, 1957: May, 352 
genetics, 1957: May, 336 
Thinking, abstract, difficulties in, in brain- 
damaged children with behavior prob- 
lems, 1957: Nov., 1052 
Thiomerin. See Mercaptomerin sodium. 
Thiomycetin in whooping cough, 1957: 
Feb., 281 
Third disease, 1956: Aug., 547 
Thorax, abnormalities, 1957: Feb., 96 
bell-shaped, in newborn, 1957: Feb., 28, 
29 
chest x-ray, in idiopathic pulmonary hy- 
pertension, 1958: May, 341 
cysts. See Intestines, duplications. 
funnel chest, 1957: Feb., 96 
intrathoracic masses, congenital, in new- 
born, roentgen diagnosis, 1957: Feb., 
49 


normal, in newborn, roentgen findings, 
1957: Feb., 28 
retraction, in newborn, 1957: Feb., 23 
roentgen findings in infectious mononu- 
cleosis, 1957: Feb., 132 
Thorazine. See Chlorpromazine. 
Throat, culture, in streptococcal infection, 
1957: Feb., 145 
infections, herpangina, 1956: Aug., 537- 
8, Nov., 876-7; 1957: Feb., 115- 
20 
vs. pharyngoconjunctival 
1957: Feb., 125 


fever, 
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Throat, sore, herpetic. See Throat, infec- 
tions, herpangina. 
summer. See Throat, infections, her- 
pangina. 
Thrombocytes. See under Blood, platelets. 
Thrombocytoasthenia, genetics, 1957: May, 
340 
Thrombocytopathia, genetics, 1957: May, 


Thrombocytopenia, laboratory tests, 1958: 
May, 357-8 

Thrombopenia, diagnosis, 1957: May, 355 
vs. hemophilia, 1957: May, 348 

Thromboplastin generation test, 1957: May, 


in differentiation of hemophilias, 
1957: May, 542 
Thromboplastin precursor 
1957: May, 542 
Thrombosis, mesenteric, rectal bleeding due 
to, 1956: Feb., 211 
Thrush. See Candidiasis. 
Thumb sucking, effect on occlusion, 1956: 
Nov., 974 
emotional significance, 
1056 
management, 1956: Nov., 1069 
physical effects, 1956: Nov., 1056 
psychopathology of, 1956: Nov., 1063 
Thymus, normal, in newborn, roentgen 
findings, 1957: Feb., 30 
Thyroid, agenesis or hypogenesis, congen- 
ital, 1957: Nov., 865 
dysfunction, handicaps due 
Aug., 600 
extract, in goitrous hypothyroidism, 1957: 
Nov., 857 
gland, lingual, 7957: Feb., 79 
hormones, 1957: Nov., 971 
effect on growth, 1/957: Nov., 
927 
in infantile hypothyroidism, 1957: Nov., 
68 


deficiencies, 


1956: Nov., 


to, 1957: 


926, 


Thyrotropic hormones, 1957: Nov., 961 
Thyroxin, in goitrous hypothyroidism, 1957: 
Nov., 857 
in hypothyroidism, 1957: Nov., 1024 
in infantile hypothyroidism, 1957: Nov., 
868 


Tic, sleep, 1958: Aug., 639 
Tic de sommeil, 1958: Aug., 639 
Tick bites, 1956: Aug., 631 
Tinea capitis, 1956: Aug., 560-67 
Tinea circinata, 1956: Aug., 568 
vs. atopic dermatitis, 1956: Aug., 
612 
Tinea corporis. See Tinea circinata. 
Tinea cruris, 1956: Aug., 568 
Tinea favosa. See Favus. 
Tinea pedis, 1956: Aug., 568 
Tinea unguium, 1956: Aug., 571 
Tinea versicolor, 1956: Aug., 571, 572 
Tissue, constituents, effect on penicillin, 
1956: May, 261 
respiration, 1957: Feb., 8 
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Toilet training, 1957: Aug., 738 
eating problems due to, 1958: Aug., 
604 


in constipation, 1958: Aug., 755 
Tolbutamide. See under Sulfonylureas. 
Tolerance tests, 1957: Nov., 975 
Tolserol. See Mephenesin. 

Tongue, anatomy, 1956: Nov., 919 
atrophy, 1956: Nov., 928 
clinical examination, 1956: Nov., 921 
clinical problems related to, 1956: Nov., 

919-32 

coatings, 1956: Nov., 926 
diseases associated with, 1956: Nov., 
927 
color changes, 1956: Nov., 925 
cyst, thyroglossal, 1957: Feb., 79 
elevation, 1956: Nov., 924 
enlarged, 1956: Nov., 923 
erythema, 1956: Nov., 925 
forward thrusting, 1956: Nov., 924 
geographic, 1956: Nov., 928 
glossitis, deficiency, 1956: Nov., 922 
rhomboid, median, 1956: Nov., 920, 
925, 930 
grooves, 1956: Nov., 930 
hairy, black, 1956: Nov., 929 
hypermobility, 1956: Nov., 924 
hypertrophy, 1956: Nov., 929 
fungiform, diseases producing, 1956: 
Nov., 930 
hypomobility, 1956: Nov., 924 
diseases producing, 1956: Nov., 925 
lacerations, treatment, 1956: Nov., 911 
malformations, 1956: Nov., 930 
mobility, 1956: Nov., 923 
papillae, 1956: Nov., 920 
atrophy of, diseases producing, 1956: 
Nov., 929 
papillary status, 1956: Nov., 928 
physiology, 1956: Nov., 920 
position, 1956: Nov., 923 
scars, 1956: Nov., 930 
scrotal, 1956: Nov., 930 
signs, 1956: Nov., 922 
size, 1956: Nov., 923 
smooth, 1956: Nov., 928 
strawberry, in scarlet fever, 1956: Nov., 
929 


in streptococcal infection, 1957: Feb., 


symptoms, 1956: Nov., 922 
ulcerations, 1956: Nov., 928 
vesicles, 1956: Nov., 927 
Tonguetie in newborn, 1956: Nov., 849, 925 
Tonsillectomy in prophylaxis of common 
cold, 1957: Feb., 110 
Tonsils in cleft palate, 1956: Nov., 1019 
Tooth. See Teeth. 
Torticollis, 1957: Aug., 653 
Torulosis. See Cryptococcosis. 
Torus palatinus. See under Palate, abnor- 
malities. 
Tourniquet in heart failure, 1958: Nov., 
1137-8 
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Toxemia, fulminating, acute, as indication 
for operation in ulcerative colitis, 1956 
Feb., 160 

in pregnancy. See under Pregnancy. 
Toxicity in recurrent parotitis, 1956: Nov. 
939 
Toxicology of antibiotics, 1956: May, 439- 
45 


Toxins, anemias due to, 1957: May, 471-8 
Toxocara infections. See Larva migrans, 
visceral. 
Toxoplasmosis, dwarfism due to, 
Nov., 929, 939 
ocular involvement, 1957: Aug., 673 
uveitis due to, 1958: Feb., 181-2 
Toys, contact dermatitis due to, 1956: Aug., 
655 
Trachea, abnormalities, 1957: Feb., 80-81 
foreign body in, vs. croup, 1957: Feb., 
176 
normal, in newborn, roentgen findings, 
1957: Feb., 31 
Tracheocele, 1957: Feb., 81 
Tracheo-esophageal fistula, 1957: Feb., 83 
5; 1958: May, 452-3 
roentgen diagnosis, 1957: Feb., 36 
with esophageal atresia in newborn, 
1957: Feb., 66 
Tracheomalacia, 1957: Feb., 80 
Tracheotomy in infectious croup, 
Feb., 179 
Trachiectasis, 1957: Feb., 81 
Traffic accidents. See Automobiles, acci- 
dents. 
Training, and education of children with 
handicaps, 1957: Aug., 745-56 
of children with brain damage, 1957: 
Nov., 1045 
toilet. See Toilet training. 
Tranquilizing drugs. See also specific drugs, 
as Rauwolfia serpentina, etc. 
classification, 1958: Aug., 575 
dosage, 1958: Aug., 575 
in behavior disorders, 1958: Aug., 571, 
574-86 
Transfusion. See also under Blood. 
therapy, 1957: May, 551-62. See also 
Blood, transfusions. 
Trauma, abrasion, corneal, 1958: Feb., 209 
11 
cerebral, 1957: Nov., 1029 
deafness due to, 1957: Aug., 687 
due to exchange transfusion, 1957: May, 
385 
in and about the mouth, 1956: Nov., 
905-18. See also Mouth, injuries. 
obstetrical, cerebral palsy due to, 1957: 
Nov., 998, 1006 
vulvovaginal, 1958: Feb., 44-5 
Trench mouth. See Gingivostomatitis, her- 
petic, acute. 
Trichlorethylene in proctologic anesthesia, 
1956: Feb., 61 
Trichomoniasis, 1958: Feb., 42 
vaginal, 1958: Feb., 45 


1957: 


1957: 
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Trichotillomania, 1956: Aug., 639-42 
alopecia areata and, psychocutaneous 
factors in, 1956: Aug., 639-48 
psychiatric mechanism, 1956: Aug., 640 
Trichuriasis, 1956: Feb., 178-80 
Tricuspid valve, atresia, cine-angiocardio- 
grams in, 1958: Nov., 975-6 
diagnosis, 1958: Nov., 1006 
electrocardiogram in, 1958: Nov., 
894-6 
Ebstein’s disease, 
Nov., 990-91 
electrocardiogram in, 1958: Nov., 
897-8 
physical signs, 1958: Nov., 991 
physiology, 1958: Nov., 990 
symptoms, 1958: Nov., 990-91 
Tridione. See Trimethadione. 
Triflupromazine in behavior 
1958: Aug., 580 
Triiodothyronine in goitrous hypothyroid- 
ism, 1957: Nov., 857 
Trilafon. See Perphenazine. 
Trilogy, Fallot’s. See under Heart, abnor- 
malities. 
Trimethadione in epilepsy, 
1082, 1085, 1086 
Tripelennamine hydrochloride in _naso- 
pharyngeal infections, 1957: Feb., 161 
Trismus, oral, in newborn, 1956: Nov., 
853 
Truancy vs. school phobia, 1958: Aug., 
647 
Truncus arteriosus, cine-angiocardiograms 
in, 1958: Nov., 974-5 
persistent, diagnosis, 1958: Nov., 1007-8 
Tuberculin test. See under Tuberculosis. 
Tuberculosis, bone and joint, 1956: May, 
436; 1957: Aug., 654 
contact, history of, 1956: May, 431 
diagnosis, 1956: May, 358 
hematogenous, protracted, 1956: May, 
434 
immunization, BCG, 
263, Aug., 622 
for tuberculosis 
May, 437 
in children, 1956: May, 432 
in infants, 1956: May, 431 
infectiousness, 1956: May, 437 
miliary, 1956: May, 434 
patient with, removal from infectious con- 
tacts, 1956: May, 436 
physical examination, 1956: May, 431 
problems, special, 1956: May, 436 
prognostic factors, 1956: May, 427 
pulmonary, primary, 1957: Feb., 255-70 
progressive, 1956: May, 434 
relation to erythema nodosum, 
Aug., 782 
source, 1956: May, 436 
symptoms, 1956: May, 431 
treatment, 1956: May, 365 
chemotherapy, general considerations, 
1956: May, 428 


diagnosis, 1958: 


disorders, 


1957: Nov., 


1957: Feb., 262, 


contacts, 1956: 


1956: 
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Tuberculosis, treatment, practical manage- 
ment, 1956: May, 427-38 
uveitis due to, 1958: Feb., 183 
tuberculin reaction, 1956: Aug., 586 
tuberculin test, 1956: May, 430 
advantages, 1957: Feb., 261 
methods, 1957: Feb., 262 
positive, and enlarged hilar lymph 
nodes, 1956: May, 433 
without radiologic evidence of 
disease, 1956: May, 431 
Tubocurarine hydrochloride in proctologic 
anesthesia, 1956: Feb., 62 
Tubules, seminiferous. See Seminiferous 
tubules. 
Tumors. See also under specific organs and 
regions. 
adrenal. See under Adrenals. 
ameloblastoma of jaw, 1956: Nov., 896 
angioendothelioma, hemangioma-endo- 
thelioma, of mouth, benign, 
1956: Nov., 891 
malignant, 1956: Nov., 893 
angioma, 1956: Aug., 667, 672 
cavernous, 1956: Aug., 673 
cutaneous manifestations, 1956: Aug., 
818 
deep, 1956: Aug., 672 
treatment, radium, 1956: Aug., 674 
elevated, 1956: Aug., 672 
treatment, radium, 1956: Aug., 674 
etiology, 1956: Aug., 668 
flat, 1956: Aug., 669 
hemangioma, /956: Aug., 672 
of mouth, 1956: Nov., 890 
lymphangioma, of mouth, 1956: Nov., 
890 


salivary gland, 1956: Nov., 941 
prognosis, 1956: Aug., 668 
angioma verrucosum, 1/956: Aug., 681 
cavernous. See Tumors, angioma, cavern- 
ous. 
chondroma, of jaw, 1956: Nov., 894 
epulis, congenital, 1956: Nov., 889 
of gingiva, 1956: Nov., 887 
fibroma, central, of jaw, 1956: Nov., 894 
irritation, of mouth, 1956: Nov., 887 
neurogenic, of mouth, 1956: Nov., 889 
odontogenic, of jaw, 1956: Nov., 900 
of mouth, 1956: Nov., 886 
fibromyxoma, of soft tissues of mouth, 
1956: Nov., 886 
granular cell. See Tumors, myoma. 
granulosa cell, 1957: Nov., 883 
interstitial cell, 1957: Nov., 881 
lipoma, of mouth, 1956: Nov., 890 
melanoma, of mouth, 1956: Nov., 893 
myeloma, of jaw, 1956: Nov., 901 
myoma, of mouth, 1956: Nov., 889 
myxoma, of jaw, 1956: Nov., 900 
neurinoma, odontogenic, of jaw, 1956: 
Nov., 900 
schwannoma, of mouth, 1956: Nov., 
889 
odontogenic, mixed, 1956: Nov., 899 
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Tumors, of colon, polypoid, roentgen study, 


1956: Feb., 43 
roentgen study, 1956: Feb., 46 
of jaw, benign, 1956: Nov., 893 
giant cell, 1956: Nov., 894 
malignant, 1956: Nov., 900 
metastatic, 1956: Nov., 902 


of soft tissues of mouth, benign, 1/956: 


Nov., 885 
malignant, 1956: Nov., 891 
osteoma, of jaw, 1956: Nov., 893 
papilloma, of mouth, 1956: Nov., 885 
polyps, of colon and rectum, 1956: Feb., 
94-101 
rectal bleeding due to, 1956: Feb., 212 
retinal anlage, 1956: Nov., 899 
vaginal, 1958: Feb., 39-40, 46-7 
vulvar, 1958: Feb., 39-40 
Wilms’. See under Kidneys, tumors. 
Turner’s syndrome. See Gonads, dysgene- 
SIS. 
Typhoid fever, immunization, active, 1957: 
Aug., 622 
Tyrothricin, administration, routes of, 1956: 
May, 454, 455 
dosage, 1956: May, 454 
mechanism of action, 1956: May, 229 


Uccers. See also under specific organs and 
regions. 
peptic. See Peptic ulcer. 
pterygoid, in newborn, 1956: Nov., 849, 


Ultraviolet light, filtered, in diagnosis of 
tinea capitis, 1956: Aug., 558 
Umbilical cord, prolapse of, in etiology of 
epilepsy, 1957: Nov., 1067 
Umbilicus of newborn, care of, 1958: May, 
296 
Undulant fever. See Brucellosis. 
Urethra, vaginal, type of hermaphroditism, 
1957: Nov., 908-9 
valve obstruction, posterior, congenital, 
in newborn, 1957: Aug., 652 
Urinalysis, 1956: May, 371 
in erythema multiforme, 1956: Aug., 
775 
in health supervision, 1957: Aug., 658 
Urinary tract, infections, diagnosis, 1956: 
May, 371 
etiologic considerations, 1956: May, 
369 
in newborn, diagnosis, 1958: May, 
9 
symptoms, 1956: May, 371 
treatment, 1956: May, 374 
Urine, aldosterone excretion, mechanisms 
involved in, 1958: May, 400-404 
constituents, abnormal, tests for, 1958: 
May, 364-5 
corticosteroids in, 1957: Nov., 965 
estrogens in, determination of, 
Nov., 836 
examination. See Urinalysis. 


1957: 
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Urine, gonadotropins in, 1957: Nov., 833 
method of assay, 1957: Nov., 960 
values, abnormal, 1957: Nov., 960 
variations, 1957: Nov., 960 

incontinence, 1958: Aug., 567-8 

ketone bodies, in diabetes mellitus, ]957 
Nov., 805 

17-ketosteroids in, 1957: Nov., 832, 966 
chromatographic analysis, 1958: May 

365 

fractionation, 1957: Nov., 967 

laboratory tests, 1958: May, 364-7 

pregnanediol in, determination of, 1957 
Nov., 837 

sugar in. See Glycosuria. 

suppression, erythroblastopenia in, 1957: 
May, 464 

Urogenital tract. See Genitourinary tract 
Urticaria, 1956: Aug., 784 

allergic type, 1956: Aug., 785 

and angioneurotic edema, 1956: Aug., 
784-7 

erythema multiforme and erythema no 
dosum, 1956: Aug., 771-90 

nonallergic type, 1956: Aug., 786 

Urticaria factitia, 1956: Aug., 784 

Urticaria papulosa, 1956: Aug., 634-5 

Urticaria pigmentosa, 1956: Aug., 709-13 
cutaneous manifestations, 1956: Aug.., 

815 
Uterus, cervix, cancer, 1958: Feb., 108-9 
in immaturity, 1958: Feb., 13-16 
hemorrhage, functional. See Menstrua- 
tion. 
in immaturity, 1958: Feb., 16-18 
tumors, 1958: Feb., 108 
Uveitis, 1958: Feb., 173-83 
anterior, 1958: Feb., 173 
heterochromic, of Fuchs, 1958: Feb., 
179 
endogenous, 1958: Feb., 173, 174 
exogenous, 1958: Feb., 173 
nonsuppurative, 1958: Feb., 174 
perforating injury as cause of, 
Feb., 219, 220 
posterior, 1958: Feb., 173, 174 
due to nematode infection, 7957: Aug., 
673 
suppurative, 1958: Feb., 174 
Uvula, bifid, in newborn, 1956: Nov., 850 


1958: 


VACCINATION. See also Immunization; and 
under specific diseases. 
BCG. See Tuberculosis, 
BCG. 
smallpox. See under Smallpox. 
Vaccine, adenovirus, use of, 1958: May, 
304-5 
encephalitis following, 1957: Nov., 1022 
in acne vulgaris, 1956: Aug., 734 
in prophylaxis of common cold, 1957: 
Feb., 110 
pertussis, 1957: Feb., 278 
rabies, 1957: Nov., 1021 


immunization, 
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Vaccinia. See under Smallpox, vaccination. 
Vagina, discharge, as symptom of pelvic 
disease, 1958: Feb., 96 
examination, in vulvovaginitis, nonspe- 
cific, 1958: Feb., 43 
foreign bodies in, 1958: Feb., 46 
examination for, 1958: Feb., 31 
hemorrhage, precocious, 1958: Feb., 83- 
4 


in immaturity, 1958: Feb., 11-13 
infections, 1958: Feb., 45-6 
lesions, 1958: Feb., 45-7 
neoplasms, 1958: Feb., 47 
smear of, for chromosomal sex analysis, 
1957: Nov., 920 
trichomoniasis, 1958: Feb., 45 
tumors, 1958: Feb., 39-40, 46-7 
Vaginal urethra type of hermaphroditism, 
1957: Nov., 908-9 
Vaginitis, nonspecific, 1958: Feb., 45 
primary, 1958: Feb., 102 
Valley fever. See Coccidioidomycosis. 
Varicella. See Chickenpox. 
Varices, esophageal, rectal bleeding due to, 
1956: Feb., 210 
Vasoconstrictors in nasopharyngeal infec- 
tions, 1957: Feb., 158 
Veins. See also Arteries; Blood vessels. 
choice of, in cardiac catheterization, 
1958: Nov., 909-11 
hemorrhoidal, 1956: Feb., 8 
pulmonary, drainage, anomalous, cine- 
angiocardiograms in, 1958: Nov., 954- 


6 
sacral, 1956: Feb., 9 
Venereal diseases of eyes, 1957: Aug., 672 
Venesection, in heart failure, 1958: Nov., 
1138 
in hemolytic disease of newborn, 1957: 
May, 390 
Ventricles; Ventricular. See under Heart. 
Verruca, 1956: Aug., 522-6 
classification, 1956: Aug., 523 
congenital. See Nevi, warty, hard. 
soft, 1956: Aug., 681 
Verruca mollis, 1956: Aug., 681 
Verruca vulgaris vs. papilloma, 1956: Nov., 
886 
Versene. See Edathemil. 
Vertebrae. See Spine. 
Vesprin. See Triflupromazine. 
Vestibular disease, peripheral, nystagmus 
due to, 1958: Feb., 191 
Vestibular nucleus, lesions of, nystagmus 
due to, 1958: Feb., 192-3 
Vincent’s disease, 1957: Aug., 726 
Vincent’s infection, 1956: Nov., 856-7 
vs. streptococcal infection, 1957: Feb., 
144 
Vinegar in burns of mouth, 1956: Nov., 914 
Viocin. See Viomycin. 
Vioform. See lodochlorhydroxyquin. 
Viomycin, administration, routes of, 1956: 
May, 454, 455 
dosage, 1956: May, 454 
in tuberculosis, 1956: May, 429 
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Viral infections of skin and mucous mem- 
branes, 1956: Aug., 521-54 
Virology in erythema multiforme, 1956: 
Aug., 776 
Virus, acute respiratory disease. See Ade- 
novirus. 
adenoidal-pharyngeal-conjunctival. See 
Adenovirus. 
APC, ARD, RI. See Adenovirus. 
Coxsackie, group A, infections with, 
1957: Feb., 115-20. See also Throat, 
infections, herpangina. 
ECHO. See ECHO virus. 
erythema multiforme due to, 1956: Aug., 
779 
isolations from aseptic meningitis, 1958: 
May, 318 
leukemia due to, 1957: May, 500 
orphan. See ECHO virus. 
respiratory illness. See Adenovirus. 
Viscera, pelvic, infections of, 1958: Feb., 
102-4. See also under Pelvis. 
Vision, acuity, defective, treatment of, 
1958: Feb., 156-8 
binocular, 1958: Feb., 153 
central, acuity, 1958: Feb., 185 
defective, nystagmus due to, 1958: Feb., 
190 
prevention and treatment, 1957: Aug., 
665-77 
special education of children with, 
1957: Aug., 747, 755 
disturbances, reading disabilities due to, 
1958: May, 515-16 
fusion, 1958: Feb., 154, 155 
tests, 1958: Feb., 231-8 
Visual-motor Gestalt test in brain damage, 
1958: Aug., 693 
Vitamin(s), deficiency, due to antibiotics, 
1956: May, 443 
in health supervision, 1957: Aug., 659 
Vitamin A, in acne vulgaris, 1956: Aug., 
733 
in nummular eczema, 1956: Aug., 752 
Vitamin Bi2 in acne vulgaris, 1956: Aug., 
732 
Vitamin C deficiency, 1956: Nov., 857 
Vitamin D, and dental caries, 1956: Nov., 


deficiency, rickets due to, 1958: May, 
425 
effect on vitamin D-refractory rickets, 
1958: May, 434 
in hypophosphatemic vitamin D-refrac- 
tory rickets, 1958: May, 430 
in vitamin D deficiency rickets, 1958: 
May, 425 
intoxication, 1958: May, 431 
rickets and, 1958: May, 424 
Vitamin D-refractory rickets. See Rickets. 
Vitamin K, administration, jaundice due to, 
1957: May, 401 
in hemorrhagic disease of newborn, 
1957: May, 543 
in prothrombin complex deficiencies, 
1957: May, 544 





1234 


Vitreous hemorrhage, 1958: Feb., 216 
Vieminckx’s solution in acne vulgaris, 
1956: Aug., 728 
Vocal cord paralysis in newborn, 1956: 
Nov., 853; 1957: Feb., 67 
Vogelgesicht, 1956: Nov., 972 
Volvulus. See under Intestine(s). 
Vomiting, cyclic, psychophysiology of, 
1956: Nov., 1068 
in pregnancy. See under Pregnancy. 
Vulva, and external genitals, disorders of, 
1958: Feb., 35-49 
carcinoma, 1958: Feb., 40 
hypoestrogenic status in 
1958: Feb., 5, 6 
in immaturity, 1958: Feb., 4-6 
infectious granuloma, 1958: Feb., 36 
inflammation, 1958: Feb., 35-6 
neoplasms, benign, 1958: Feb., 39 
retention cyst, 1958: Feb., 39 
tumors, 1958: Feb., 39-40 
Vulvovaginal infections, 1958: Feb., 40-44 
Vulvovaginal lesions, 1958: Feb., 40-45 
Vulvovaginal trauma, 1958: Feb., 44-5 
Vulvovaginitis, 1956: Aug., 532; 1958: 
Feb., 40 
gonorrheal, 1958: Feb., 41-2 
mycotic, 1958: Feb., 42 
nonspecific, 1958: Feb., 42-4 


immaturity, 


Warts. See Verruca. 
Wasp stings, 1956: Aug., 631 
Water, fluoridation against dental caries, 
1957: Aug., 721 
fluorides in, 1956: Nov., 959 
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Waterhouse-Friderichsen syndrome. See 
Meningococcemia, fulminating. 
Weaning, eating problems due to, ]958. 
Aug., 598 
response to, 1956: Nov., 1057 
Web, esophageal. See under Esophagus. 
Whipworm. See Trichuriasis. 
Whooping cough, 1957: Feb., 271-83 
encephalitis complicating, 1957: Nov., 
1022 
immunization, 
620 
passive, 1957: Aug., 625 
vaccination, encephalitis 
1957: Nov., 1023 
Wilms’ tumors. See under Kidneys, tumors. 
Winter dermatitis, 1956: Aug., 755 


active, 1957: Aug., 


following, 


XANTHELASMOIDEA. See Urticaria pigmen- 
tosa. 

Xanthomas, cutaneous 
1956: Aug., 813 
eruptive, secondary, 1956: Aug., 814 

Xanthomatosis, biliary, 1956: Aug., 814 
essential, 1956: Aug., 813 

Xeroderma. See Ichthyosis. 

Xerosis, 1956: Aug., 688 

X-rays. See Roentgen; Roentgenotherapy. 


manifestations, 


ZEPHIRAN. See Benzalkonium. 
Zinc-talc lotion in contact dermatitis, 1956: 
Aug., 660, 661 














